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Improvements and Steel 


Plant and Practice 
Developments at the Normanby Park Works of John Lysaght Ltd. 


Diligent searches for economies in operation are being conducted by manufacturers of iron and 
steel. A fruitful field of investigation is the more efficient use of blast-furnace and coke-oven 
gases, and in this article a scheme for co-ordinated heat conservation, which has been put into 
operation at the above works, is discussed. The scheme involved the installation of ** Becker” 
coke-ovens and by-product recovery plant, which are described, but the economies effected 


N the struggle to maintain its 
I existence in a period of world- 
wide depression, and in face of 
fierce foreign competition, the iron 
and steel industry of Great Britain 
is forced to take stock of its present 
methods of manufacture and devise 
ways and means whereby greater 
efficiency can be obtained and econo- 
mies effected in the cost of pro- 
duction. A fruitful field for investi- 
gation is the more efficient utilisation 
of the fuel made available and 
required in the various processes of 
iron and steel manufacture. It will 
be of interest, therefore, to those 
engaged in this industry to learn of 
the steps which have recently been 
taken at the Normanby Park Steel 
Works of John Lysaght, Ltd., to 
achieve this object. 

The possibility of utilising the lean 
Lincolnshire ores as a means of pro- 
ducing cheap steel to compete with 
Continental products made by the 
basic Bessemer process was pointed 
out by the general manager of these 
works, Mr. W. J. Brooks, in a paper 
presented in 1925 and later in his 
presidential address to the Lincoln- 
shire Iron and Steel Institute. The 
idea underlying the scheme is based on the fact that the 
low iron content of the local ores necessitates the use 
of a large quantity of coke in the manufacture of pig iron, 
ind provided the coke thus required is manufactured at a 
plant in close proximity to the blast-furnaces, the gas 
‘rom the coke in the blast-furnaces, and the rich gas from 
he coke-ovens can be utilised together or separately for all 
he heat requirements in the making and rolling of the 
iteel made from the pig iron. 

The project was studied in minute detail by the engineer- 
ng and metallurgical staffs at the works, and a complete 
cheme was eventually evolved which was sanctioned by 
he board of directors and has since been completed 
nd put into operation. 


have already more than justified the capita! expenditure. 


General view of “ Becker” coke-oven and by-product plant at Normanby Park. 


The Plant to which the Scheme Applied. 

In order to grasp the full significance of the scheme, it 
will be of interest to state that prior to the new extensions 
the works comprised fully equipped mines from which the 
local ore is obtained ; two batteries of coke-ovens, which 
have since been dismantled ; five blast-furnaces, three of a 
nominal capacity of 1,000 tons each per week, and two of 
1,400 tons each per week; four 50-ton open-hearth fur- 
naces, one 120-ton tilting furnace, one 50-ton Terni fixed 
furnace, and one 60-ton fixed furnace. The steel furnaces, 
together with a 350-ton mixer, were fired by gas from a 
battery of Kerpeley gas producers fitted with Chapman 
agitators. 

The blast-furnaces, as well as the furnaces in the steel 
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plant, were comparatively modern. The layout and 
design of the former plant dispensed with surplus labour 
as much as possible, the furnaces being mechanically 
charged by the Pohlig system. The steel furnaces, too, 
were equipped with charging machines and overhead 
eranes for the handling of materials. 

Ingots were heated in four gas-fired soaking pits supplied 
with blast-furnace gas, and usually this was enriched as 
far as possible with any surplus gas that could be obtained 
from the old coke-ovens. Further ingot-heating capacity 
was provided by four recuperator pits, which had been 
converted out of ordinary coal-fired pits to a design intro- 
duced and perfected by the works staff. The rolling mills, 
which are designed for the production of sheet bars and 
billets, consist of a 36-in. cogging and a 32-in. finishing 
mill, each driven by a separate engine and capable of pro- 
ducing up to 4,000 tons per week of semi-finished products. 


Utilisation of Waste Gases before Extension. 


For a number of years the surplus gas from the blast- 
furnaces and coke-ovens was employed as far as possible 
in order to replace solid fuel, to the extent that no coal 
was used in the rolling mills, all the steam having been 
raised and ingots heated by means of blast-furnace gas 
plus a little coke-oven gas. Coal, however, was still being 
used at the steel furnaces in gas producers for the pro- 
duction of ingots. 

1, Coal conveyer: 2, coal storage bin: 3, battery ; 

ear; 6, stack; 7, collecting main; 8, suction main; 9, quenching station: 10, 

coke wharf; 11, coke-screening station; 12, primary coolers; 13, tar extractors: 

14, by-product house; 15, sulphate store: 16, tar and ammonia storage tanks ; 
18, benzol scrubbers and final cooler 


21, lime mixing room; 22, waste-liquor settling 
acid storage tank. 


4, pusher machine; 5, coke 


17, liquor flushing and separating tank : 
19, gas holder; 
23, crude 


20, bleeder: 


basin benzol plant: 24, 


Plan of “ Becker’ coke-oven and by-product plant 

at Normanby Park. 


In order to get the best results from the blast-furnace 
gas, each furnace was fitted with plant for the partial 
cleaning of gas by means of water-spray towers and fans, 
this partially cleaned gas being used at the boilers and 
soaking pits. A portion was, however, further purified 
by means of Theissen washers, from which it was conducted 
into a gasholder and thence to the gas-blowing engines, 
and for generating electric power. 

The exhaust steam from the mill engines passed into a 
battery of “ Rateau”’ steam accumulators, and was 
thence utilised for the production of electrical power in 
mixed-pressure turbines. Additional blowing power was 
also obtained from this exhaust steam by means of a 
mixed-pressure turbo blower, capable of delivering 
45,000 cub. ft. of air per min. at a pressure of 10 Ib. 

Considerable headway had therefore been made in the 
utilisation of waste gases. The cycle, however, was not 
complete. Additional coke in considerable quantities 
had to be purchased in the open market to make the 
necessary quantity of pig iron required, and coal was being 
used in producers for the production of ingot steel. The 
new scheme was therefore brought into being to remedy 
these deficiencies. 
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Extension Considerations. 


Seeing that the blast-furnaces and coke-ovens together 
would under the new conditions have to supply the whole 
of the heat requirements of the works, it was necessary 
to do everything to ensure that both of these departments 
should be as perfect as possible, and capable of giving an 
ample and regular supply of gaseous fuel. 

The modern coke-oven had been brought to a very high 
degree of perfection, and it was necessary only to select 
the type that commended itself to the technical staff. 
It was felt that the institution of modern coking practice 
would give the best possible quality of coke from the coal 
available, and that this would contribute to a large extent 
to the regular working of the blast-furnaces. 

To still further help in this direction, however, it was 
decided to install a crushing and screening plant capable of 
dealing with the whole of the local stone required for five 
blast-furnaces in operation if necessary. The plant now 
installed is capable of crushing and screening 15,000 tons 
of ore per week, working six shifts of eight hours, and was 
built to the design of Messrs. Parry and Elmquist, Ltd., 
consulting engineers. The fines are thus separated, and 
the remainder is crushed by means of a “ Hadfield ” 
rotary crusher to a maximum size of 8in. cube. The 
crushed stone and fines are kept separate and charged 
into the furnace under control. 


New Coke-oven Installation. 


The installation consists of a battery of 47 ‘ Becker ”’ 
regenerative combination ovens, constructed by Messrs. 
The Woodhall-Duckham Vertical Retort and Oven Con- 
struction Co. (1920), Ltd. Each oven is. 40 ft. 8in. long 
between the doors, 12 ft. 6in. high, and has an average 
width of I6in. It has a capacity of approximately 
624 cub. ft., and carbonises approximately 14-1 tons of 
wet coal containing 10°, of water in 15} hours, or 21-8 tons 
in 24 hours. Under these conditions the whole battery 
is easily capable of carbonising 1,020 tons of coal and 
producing over 670 tons of furnace coke per 24 hours. 

The ovens are so designed that they can be heated 
either with coal-gas or blast-furnace gas. After being first 
started up on coal-gas, they were changed over to blast- 
furnace gas, and have since been operating with this gas 
as the heating medium. They are the first ovens in this 
country to be heated by this means. 

The reversing valves controlling the supply of heating 
gas are so arranged that any chosen number of ovens can 
be heated by blast-furnace gas whilst the remainder are 
heated by coke-oven gas. The operation of changing over 
from one type of gas to the other is simple and easily 
effected. 

The blast-furnace gas is delivered to the plant after 
having been cleaned by Theissen rotary washers to less 
than 0-003 grains per cubic foot. In order to safeguard 
the battery in the event of failure of the blast-furnace 
gas supply, electrical control gear is provided so that when 
the gas pressure falls the reversing machine is auto- 
matically put into a neutral position and a Klaxon horn 
blows a warning. 

The oven brickwork from the pad upwards is constructed 
entirely of first-quality silica, excepting only the filling in 
the regenerators and the end walls adjacent to the pinion 
walls. The oven jambs, regenerator facings, and oven 
tops are insulated, the latter having a finish of paving 
bricks. The pinion walls at each end of the battery are 
constructed in concrete and provided with substantial 
wing walls. Firebrick-lined concrete waste-gas flues are 


built along each side of the battery and connect into a 
single flue leading to the oven stack placed at one end of 
the battery. The stack is 250 ft. high, and is firebrick-lined 
for the first 50 ft. 

Oven Charging.—The coal for the ovens is stored in a 
reinforced concrete bin having a capacity of 1,200 tons of 
washed crushed coal. 


It is built in three bays, with four 


= 

= a5 LE a E —— = J 
| 
‘ 
00 fib 0.2. 
‘ 
4 


METALLURGIA 717 


| 


Sectional view of “ Becker”’ coke oven, showing regenerators, 
vertical combustion flues, and cross-over flues. 


hoppers in each bay. Each of the twelve hoppers has a 
discharge gate, hand-operated from a platform beneath 
the bin. 

An electrically propelled coal-charging car, with a total 
capacity of approximately 14} tons of coal, runs on rails 
along the top of the battery. The car has four steel hoppers, 
each fitted with an electrically operated mechanical stirring 
equipment and an adjustable measuring device. Each 
hopper has also a cast-iron drop sleeve for directing the 
coal into the ovens and a steel sliding gate. The drop 
sleeves are operated by a lever interlocked with the traction 
motor, which makes it impossible to move the car with 
the sleeves down. The sliding gates are individually 
operated by hand levers. Four charging holes in each 
oven correspond with the drop sleeves. 

A scale of approximately 50 tons capacity is provided 
for weighing the coal in the car before charging, and is 
provided with ticket printing equipment for recording 
weights. 

Heating System of the “ Becker’’ Oven.—The heating 
system of the ** Becker ’’ oven may be described as follows : 

When employing blast-furnace gas as the heating 
medium, air travels up one of the two regenerators and gas 
up the other. Both the air and the gas enter the bottom 
of their respective regenerators from both ends of the 
oven at the same time. After passing through in an 
upward direction and absorbing heat from the chequer 
filling in transit, they leave the top of the regenerator and 
enter the bottom of the vertical flues through ports so 
designed in relation to each other that the air and gas come 
together with stream-line effect and the combustion zone is 
evenly distributed throughout the length of the vertical 
flues. The products of combustion are then collected from 
the top of each of four or five vertical flues, and are carried 
over the top of the oven by means of cross-over flues. 

There are six cross-over flues to each alternate oven, 


Battery Control and Instrument Room, showing reversing 
machine (in foreground), Askania regulating mechanism, 
and special blast-furnace gas-pressure alarm. 


the intermediate ones not requiring any, as will be seen 
from the illustration. From these flues the waste gases are 
distributed into an equivalent number of vertical flues on 
the other side of the oven, exactly opposite the flues up 
which they have travelled. They then travel down these 
flues and into the two regenerators immediately below, 
through which they pass to the waste-gas flues, giving up 
heat to the chequer filling in transit. 

Upon reversal, which is automatically controlled, the 
air and gas travel up through the regenerators and vertical 
flues down which waste gas has previously passed ; the 
products of combustion travel through the cross-over flues 
and down the flues and regenerators on the opposite side 
of the oven, up which air and gas have previously travelled. 

This arrangement ot heating ensures that the travel of 
gases throughout the system is short and unidirectional, 
and consequently there is a low-pressure differential and 
absence of leakage. The velocity of gases is slow and 
uniform, so that excellent regulation can be easily obtained. 

At all times and under all conditions the gas and air 
and combustion gases are flowing in parallel in an upward 
and vertical direction through the whole length of the 
regenerator and the oven flues on one side, and the waste 
gases are flowing in a similar manner in a downward 
direction, but on the opposite side of the oven. It is only 
by this arrangement of flues that walls containing no 
expansion joints can be employed for separating gas and 
air and waste gas. 


Coke guide, door-lifting machine, and special clay 
carrier with elevator. 


By employing the principle of the cross-over flue a very 
strong form of construction is obtained, inasmuch as all 
horizontal flues or conduits are reduced to a minimum in 
number and in cross-sectional area. 

The regenerators are so arranged that those in which 
blast-furnace gas is being heated are never adjacent to 
those in which waste gas is flowing. In actual fact, two 
adjacent regenerators carry blast-furnace gas and are 
flanked on either side by a regenerator carrying air for 
combustion, so that each adjacent set of four regenerators 
carrying the fuel gas and air for combustion are under the 
same suction conditions. Conversely, the four adjacent 
regenerators on each side carry the waste gases, and thus 
the only walls on the sides of which countercurrent flow 
occurs are those between regenerators carrying air and 
waste gas—namely, every fourth wall,—and any danger 
of short-circuiting is eliminated. 

When employing coke-oven gas as the heating medium, 
air enters and travels up all the regenerators, and the 
coke-oven gas is delivered through a horizontal gas conduit 
carried in the brickwork between the top of the regenerators 
and the bottom of the vertical flues. From these conduits 
the gas passes by means of a calibrated nozzle and vertical 
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Coke quenching car and electric locomotive. 


duct into the bottom of each vertical flue, where it mixes 
with the preheated air coming from the regenerators. The 
flow of gases from this point onwards is the same as when 
blast-furnace gas is used. 

The air and blast-furnace gas reversing valves or coal-gas 
valves are automatically operated at the required intervals 
by a single machine, which is connected to the individual 
reversing valves by suitable mechanism. 

Battery Control_—The reversing machine is placed in a 
control room at the end of the battery. The machine is 
normally operated by an electric motor, and a steam- 
operated standby is provided which can be used in case 
of power failure. 

The movements of the machine are controlled by an 
electric clock, which can be set to operate the reversing 
mechanism at various time intervals. Should, for any 
reason, the clock fail to operate the mechanism at the 
predetermined time, within five minutes a water safety 
device causes the steam siren to blow. 

Fuel Gas Meters.—Orifice-type meters are provided for 
indicating, integrating, and recording the quantity of 
blast-furnace gas or coke-oven gas supplied to heat the 
ovens. 

Coke Pushing—When carbonisation of the coal charge 
is complete, the coke is pushed by means of a pusher 
machine into a coke-quenching car. This pusher machine, 
which runs on rails on a reinforced-concrete platform along 
the full length of the battery, carries a ram which is built 
up of structural steel with a cast-steel head. It also carries 
a rope-driven leveller bar to level coal in the ovens on 
charging, and a door ram to remove and replace the doors. 


Coke side of battery, showing coke wharf and finger-type 
gates for feeding band conveyer to coke screening plant. 


Jury, 1932. 


The machine, pusher-ram, leveller-bar, and door-ram are 
all operated by electric motors. A spare coke-ram and 
leveller-bar are kept at a ram-changing station situated 
below the coal bin. 

Coke Discharging Plant.—The coke is pushed into a coke- 
quenching car, which runs on a standard gauge track and 
has a capacity of approximately 10 tons of coke. The 
bottom of the car is constructed of sloping cast-iron plates. 
It has four side gates of ribbed cast steel operated by air 
eylinders. It is hauled by an electric locomotive on which a 
motor-driven air compressor is also mounted. 

An electrically operated door-lifting machine, running 
along a track on the coke side of the battery, removes and 
replaces the doors on this side. On the same side a coke 
guide, also running on rails and moved by the door machine, 
is provided for directing the coke, as it is pushed, into the 
coke-quenching car. 

Two electrically operated clay carriers are provided to 
carry luting clay from a clay mixer located under the coal 
bin to the ovens and to elevate clay at the oven doors. One 
of these runs from overhead rails on the pusher side of 
the battery, and serves the doors on that side, and the 
other runs on the door machine and coke-guide track on 
the coke side. To ensure efficient luting of the doors, and 
to facilitate operation, each machine is fitted with an 
electrically operated elevator provided with travel-limit 
switches and safety device. 

Coke Quenching.—The coke-quenching car, with its load 
of hot coke, runs into a central quenching station of the 
recirculating type placed at the end of the battery, where 
it is sprayed with a predetermined quantity of water. From 
a 10,000-gal. overhead quenching tank water is delivered 
to the quenching sprays through a 16-in. diameter pipe-line 
fitted with an hydraulically operated quick-opening valve 
controlled automatically by the electric locomotive as it 
enters the station. Two electrically operated quenching 
water pumps are provided for delivering water from the 
hot well to the quenching tank. Each pump has a capacity 
of 25,000 gals. of water per hour, and one acts as standby 
to the other. They are automatically controlled from a 
float in the overhead quenching tank. A breeze-settling 
sump is provided alongside the quenching tower. 

Coke Wharf.—After quenching, the coke is discharged on 
to an inclined coke wharf about 130 ft. long, running along- 
side the quenching-car track. This is constructed of 
reinforced concrete covered with hard-burnt blue bricks 
laid on edge. The coke spreads out on this wharf and 
cools. It is then allowed to fall through hand-operated 
regulating finger-type gates on to a 36-in. belt conveyer, 
which conveys it to the screening plant. 

Coke Screening.—The conveyer delivers the coke through 
a chute into a double-deck Gyrex screen capable of separat- 
ing all the coke above I}in. in size and screening the 
remainder into two sizes, 14 in.— ?in., and ?in.—Oin. The 
1} in.— ? in. is remixed with the coke over 1} in., and the 
whole of this material is conveyed by belt conveyers to the 
blast-furnace storage bins. It has been found that the 
mechanical strength and combustibility of the coke are so 
good that approximately 95°% of the total coke produced 
can be used in the blast-furnaces, leaving only 5% as 
breeze, which is being used for heating purposes in other 
parts of the works. 

Gas-collecting System.—The coke-oven gas leaves the 
ovens through ascension pipes and passes into a steel 
gas-collecting main. One ascension pipe lined with special 
insulating material is provided for each oven, and each 
pipe is fitted with a spray pipe for liquor flushing. Sprays 
are also provided on the main at alternate ovens. From the 
gas-collecting main the gas passes into an off-take main 
supported on a steel bridge over the pusher track. The 
off-take main connects at the end of the bridge into a 
suction main, which terminates at a downcomer before the 
primary coolers. The flushing liquor, which runs in a closed 
circuit, is returned at the downcomer to a liquor flushing 
and separating tank of capacity approximately 39,500gals. 
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Two liquor flushing pumps, one electrically driven and the 
other steam-turbine driven, are provided, one acting as a 
spare to the other. Special liquor strainers are placed after 
the pumps to prevent suspended matter reaching the 
sprays. An Askania gas-pressure regulator, consisting of a 
butterfly valve in the off-take main controlled by a 
governor, regulates the pressure in the gas-collecting main. 


Heat Conservation Scheme now in Operation. 


By the installation of this plant the company is enabled 
to produce a coke of such strength, uniformity of size, 
and combustibility that the whole of the production down 
to ?in. in size can be used in the blast-furnaces, and yet 
less coke is required per ton of pig iron produced. So nice 
a balance is obtained between the total heat produced 
and that used in the manufacture of coke, pig iron, and 
steel, that no fuel of any description is required other than 
the coal charged into the coke ovens. 

In addition to heating the coke-ovens, blast-furnace gas 
is used for the raising of steam in one battery of thirteen 
‘* Babcock ”’ water-tube and four Lancashire boilers. The 
production of steam is centralised, all departments being 
supplied from this unit. The firing of these boilers is 
normally by blast-furnace gas, but coke-oven gas can also 
be used, or, if necessary, a mixture of the two, special gas- 
burners having been designed for this purpose. The 
auxiliary coke-oven gas supply to the boilers assures a 
regular supply of steam, whereby a temporary interruption 
of the blast-furnace gas supply may by a readjustment on 
the plant be replaced by coke-oven gas to supplement any 
shortage. 

In order to obtain the fullest control over the supply and 
use of blast-furnace gas, the whole of this system is con- 
trolled by means of a 2,000,000 cub. ft. M.A.N. waterless 
gasholder, installed by Messrs. Clayton, Son and Co., Ltd. 
This is connected in parallel with the blast-furnace gas 
system, and maintains a uniform pressure throughout 
of 5in. water gauge. Further, should for any reason the 
necessity arise for the blast-furnace plant to be isolated 
from the system, the rest of the plant can be kept alive 
by using coke-oven gas. 

The steel furnaces are now heated by means of a mixture 
of blast-furnace and coke-oven gases, the supply of which 
is regulated by meters which are both indicating and 
recording. A combination arrangement has been fitted so 
that the B.th.u. content of the mixed gas can be kept 
constant by operating one valve only. If at any time 
by reason of furnace conditions—it is necessary to alter 
this mixture, it can be easily done by a clutch attachment 
which has been fitted to the coke-oven gas valve. Gauges 
for indicating the gas and air pressures on the incoming 
end, and gas and air suction on the outgoing end, are also 
used on each furnace. These are also recording instruments. 
Ardometers are installed for recording the air-checker 
temperatures. Waste-gas temperature indicators are also 
used. The furnaces are fitted with fans for giving a positive 
air supply into the furnaces, and they are also arranged so 
that the quantity of air being used can be measured at any 
time. By the installation of these instruments all the 
essential information with reference to combustion is 
readily available, and the men have now been trained to 
work the furnaces by the indication of these instruments. 

In carrying out this departure from the usual producer 
practice, it has been decided to make little or no alteration 
in furnace design, in order that, should occasion arise, the 
furnaces could be again heated with producer gas if required. 
It has therefore been necessary to mix the two gases in 
such a proportion as will give the corresponding heat value 
of the producer gas thus displaced. In practice it . found 
‘that this works out at approximately 100 parts of blast- 
‘urnace gas to 40 of coke-oven gas, both by volume. This 
proportion can be varied by the furnace-men if necessary, 
ind experience has shown that adjustments of this character 
‘an be very advantageously made use of to assist in acceler- 
ating furnace reaction. It has already been found of 
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View of pusher side of battery, showing primary coolers 
in foreground, and blast-furnaces in background. 


enormous value to be able to control and assess at any 
time the actual quantity of gas passing into the furnace, 
and considerable economies in fuel have already been 
made possible. 

It was originally contemplated that four blast-furnaces 
would be required in order to provide sufficient gas to 
complete the cycle, in which case a small quantity of coke 
would have to be purchased outside. Owing to the con- 
dition of trade, it has not been possible to work four 
furnaces, and the plant has been carried on by means of 
three. This deficiency has to a certain extent been made up 
by the prior preparation of the ore, and the excellent 
quality of the coke from the ovens, which has increased 
the outputs of the furnaces by approximately 150 tons of 
iron per week per furnace. On the other hand, whilst it 
was expected that the factors just mentioned would tend 
to reduce the consumption of coke per ton of pig iron, the 
actual results obtained have been far in excess of anticipa- 
tion. The economic value of the scheme has therefore 
produced its own Nemesis in that less coke has been pro- 
duced per ton of iron than anticipated, and consequently 
less gas has been available. Attention has therefore 
had to be concentrated on utilising to the utmost possible 
extent waste heat, and this has been done by means of 
‘“ Spencer-Bonecourt ’’ waste-heat boilers fitted to each 
of the open-hearth furnaces in order to supplement the 
steam supply and reduce the quantity of gas necessary 
for the steam-raising plant. 

Partly owing to the installation of the gasholder, and the 
extreme regularity of supply of gas from the coke-ovens, 
improvements in design at many points where gas is being 
consumed have been made, and it has thus been possible 
to obtain a self-contained and completely balanced plant. 

The only coal necessary for the operation of the whole 


Indicators showing state of blast-furnace gas and coke- 
oven gasholders situated at boiler plant. 
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plant is that which is charged into the ovens, it being now 
possible to convert all the iron manufactured into steel 
and roll it in the mills without the use of any extra solid 
fuel. One ton of steel, including the pig iron for its manu- 
facture, can be produced and rolled by the use of approxi- 
mately 30 ewts. of coal. After exhaustive investigation and 


Control instruments ot open-hearth furnaces, showing gas 
meters and regulators. 


research the quantity of gas available to obtain this balance 
was calculated on the normal efficient working, on the one 
hand, of the blast-furnaces and coke-ovens producing the 
gas, and on the other hand, of the various departments 
using it. The quantity of gas per hour from the blast- 
furnaces and coke-ovens is pooled and considered as unity. 

This scheme for heat conservation was drawn up and 
carried out by the Normanby Park Works staff in its 
entirety, and great credit is due to the Chief Engineer, 
Mr. F. H. B. Gough, and his assistants, for the work they 
did in this connection. 


By-product Recovery Plant. 

The by-product recovery plant, which is an integral 
part of the installation, is complete. The process of 
ammonia recovery employed is the semi-direct system. In 
this system the gas passes from the ovens to the primary 
coolers, which are of the indirect vertical water-cooled 
type. Two coolers are normally in operation, and one is 
provided asa standby. In these coolers tar and ammoniacal 
liquor are condensed. In order to maintain uniform 
temperature of the gas leaving the coolers, automatic 
temperature controllers are provided, operating the water 
supply mains to each cooler. 

Lodge-Cottrell Detarrers.—From the primary coolers the 
cooled gas is passed to two Lodge-Cottrell electrical tar 
precipitators, each operated by a Lodge-Cottrell transformer 
set. The detarrers consist of a series of vertical tubes in 
cylindrical shells. The gas containing tar fog passes up 
these tubes and is subjected to an electrical discharge 
emanating from the electrodes which hang down each tube. 
The particles on being charged are attracted to the pipes, 
and on reaching these pipe walls lose their charge and flow 
down continuously to the tar well below. The gas meets 
with no hindrance, and is itself unchanged by this treat- 
ment, except that it is now clear of tar. Over 99-5%, of the 
tar contained in the cooled gas is actually being removed 
in the precipitators. 

In an adjoining house two sets of electrical equipment 
(either of which is large enough for both detarrer units) 
convert the low-voltage electrical supply up to a high 
voltage of some 60,000 volts, and this supply is conducted 
by cables into the detarrers, and thus charges the electrodes 
to this high voltage so that they in turn electrify the gas. 
The tar and liquor mixture flows away very smoothly and 
steadily from the tar well. 

This high degree of tar extraction prevents the tendency 
of the wash oil to thicken and gives a very white ammonium 
sulphate. The absence of any mechanical action upon the 
mixture has the advantage that the tar separates readily 
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from the water, and it is easy to draw off the tar from the 
tanks practically free from water. 

Exhausters.—Two single-stage Rateau turbo exhausters 
are provided, each of which is capable of passing all the 
gas produced at the ovens and delivering it against a normal 
back pressure of 2}1b. when running at a speed of 
8,400 r.p.m. Each exhauster is direct-coupled to a 
Rateau multi-stage steam turbine, capable of operating 
with steam at 100 1b. per sq. in., and working against a 
back pressure of 15 lb. per sq. in. 

Having regard to the capacity of these exhausters, it is 
interesting to note the small area they occupy in the 
exhauster house. The low-pressure exhaust steam from the 
turbines is used in the ammonia and benzol stills. 

Gas and Steam Pressure Regulation.—In order to ensure 
uniform steam pressure in the by-product plant, an 
Askania regulator on the main steam line is provided. 
Askania regulators operating on the servo motors of the 
exhauster turbines are also provided for regulating constant 
suction at the gas inlet to the primary coolers. They are 
provided with special overtaking gear to prevent hunting. 

Ammonia Saturators and Acid Separators.—From the 
exhausters the cooled gas is passed through a reheater 
before entering the ammonia saturators, two of which are 
provided, one acting asa standby. The ammonia saturators 
consist of steel shells resting on cast-iron bottoms and 
provided with dome-shaped cast-iron tops. They are 
lead-lined, and are provided with lead cracker pipes. The 
gas bubbles through the sulphuric acid contained in them 
and passes to the acid separators, where any traces of 
sulphuric acid are removed. One separator is provided for 
each saturator. The saturators and separators are placed 
in the open, and not in the sulphate-house, as has hitherto 
been the practice in this country, and in this way the size 
of the house is materially reduced, while repair and main- 
tenance of the saturators and separators are facilitated. 

1, Downcomer: 2,primary cooler; 3, tar precipitator; 4, exhauster; 5, reheater ; 

6. saturator; 7, acid separator: 8, final cooier; 9, liquor flushing and separating 

tank; 10, liquor flushing pump; 11, liquor strainer; 12, condensate drain pit ; 

13, condensate pump; 14, tar pump ; 15, acid storage tank; 16, acid feed tank ; 

17, mother liquor tank; 18, drain table; 19, centrifugal drier* 20, drip pot; 21, 

sulphate conveyer; 22, sulphate neutraliser and drier; 25, sulphate elevator; 24, 

bagging hopper: 25, weighing machine ; ammonia still: 27, ammonia liquor 

pump ; 28, lime pump; 29, lime mixer; , lime shaking box ; 31, waste liquor 

pump ; waste liquor settling basin ; . naphthalene separating sump; 34, 

seal pot: 35, gas from ovens : 36, gas to final cooler; 37, gas from acid separator ; 

38, gus to benzol scrubber: 39, ammonia liquor to ovens 40, ammonia liquor to 


storage tank; 41, waterinlet; 42, water outlet ; 43, tarto tank wagons; 44, tar 
to storage tank; 45, tar from storage tank; 46, acid from tank wagon; 47, air 
inlet ; 48, ammonia liquorfrom storage tank ; 49, waste liquordelivery ; 50, water 
inlet :51 No. 1 benzolsecrubber; 52, No. 2 benzolscrubber ; 53, oil screening box: 
54, oil separator: 55, No.2 scrubber pump; 56, No. 1 scrubber pump ; 57, appara- 
tus pump: 58, wash oil cooler pump; 59, spare pump; 60, loading pump; 61, 
wash oil cooler; 62, fresh oil tank ; 63, old oil tank ; 64, wash oil circulating tank ; 
65, hot oil drain tank; 66, oil separating sump; 67, oil to oil heat exchanger ; 
68, final heater: 69, wash oil still: 70, vapour to oil heat exchanger; 71, light 
oil separator: 72, crude benzol receiving tank: 73, light oil cooler; 74, crude 
benzol from storage tank; .75, fresh oil from tank wagon; 76, old oil to tank 
wagon ; 77, waste water outlet; 78, crude benvol to storage tank; 79, air inlet ; 
80, crude benzo] to tank wagons. 


Flow diagram of by-product recovery plant and benzol 
recovery plant. 


For discharging the sulphate produced, each saturator 
is provided with a bronze salt ejector, which in turn is 
provided with a bronze-fitted air separator for removing 
air from the wet sulphate before it enters the drain table, 
which consists of a lead-lined cast-iron box. 

Sulphate Drying and Bagging.—After draining, the 
sulphate is dried in centrifuges, two of which are provided, 
each having a capacity of approximately 600 Ib. of sulphate. 


(Continued on page 84.) 
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PRODUCTION ECONOMIES IN THE 
IRON AND STEEL INDUSTRY. 


T is questionable whether there has ever been such 
diligent searches for economies in operation as those 
now being conducted by iron and steel manufacturers. 

It has long been recognised that the iron and steel industry 
is a vital necessity to our industrial and economic life, but 
the pressure of keen economic competition has undermined 
its stability and necessitated the exploration of every 
avenue likely to lead to greater productive efficiency. 
British manufacturers have always been associated with 
the best of the world’s producers, and in order to maintain 
that enviable position plant equipment and_ personnel 
have been critically examined for weaknesses which could 
be strengthened at an expense that would be more than 
balanced by more effective and cheaper production. 

A good deal of reorganisation has been effected in this 
industry, and substantial economies both in production 
and sales organisation have been secured, but the lack of 
confidence that has prevailed has undoubtedly retarded 
development. Now that the industry is receiving greater 
support by means of a protective tariff, it will become more 
consolidated in the home market, and the added sense 
of security should give that degree of confidence likely 
to restore the industry and enable it to take advantage of 
any improvement in world trade. 

Attention is being directed to producing units, and 
modifications are being made or are contemplated to blast- 
furnaces, open-hearth furnaces, and rolling mills, with 
the object of increasing their capacity and producing on a 
more economic basis. In some instances entirely new 
units have been or are being designed and constructed. 
The new blast-furnace at Dagenham, discussed in our May 
issue, is an example, while the Shotts Iron Co., Ltd., 
Edinburgh, recently replaced an old-type coal-fired blast- 
furnace with a new furnace which is being driven on 
coke instead of coal, and is producing 100°, greater output. 
A new blast-furnace of outstanding interest, because of 
its many labour-saving devices, has recently been built at 
the Derwent Works of the United Steel Companies, Ltd., 
which is discussed in an article published in this issue. 
Steel-melting furnaces are being built, and in many 
instances are being equipped with automatic control 
mechanism in order to secure better and more uniform 
operation. The new open-hearth furnaces being built 
for the English Steel Corporation, Ltd., are to be so 
equipped. More attention is being given to furnace 
refractories. The harder driving of many furnaces results 
in more rapid deterioration of the brickwork unless the 
best and most suitable materials are employed. The life 
of the furnace, which has a considerable influence on its 
efficiency, is dependent upon the refractories used, and 
quality of a high order is now recognised as essential to 
economical operation. 

The increased demand for accuracy and improved 
quality of product as well as increased speed in production 
has necessitated considerable developments in mill design 
in order to obtain the maximum efficiency in operation, 
and several mills have been re-equipped or modifications 
made to existing plant, particularly in regard to lubrication, 
which until recent years was given relatively little con- 
sideration. The layout of rolling plant varies according to 
the material to be rolled, but attention is being directed 


to designs which will give the most consistent results over 
the longest period of service with a minimum cost of 
upkeep. The demand for more power, particularly in regard 
to heavy blooming and slabbing mills, has increased the 
difficulties experienced in designing the mechanical and 
electrical parts of the main drive on customary lines, and 
changes have become highly desirable. 

Much of the obsolete plant in this country has been 
replaced by more modern mills, but we are conscious 
of the fact that many old mills still exist, and while they 
have in their day played no mean part in the development 
of the industry, on grounds of efficiency and economy 
they must be scrapped in favour of modern mills. Many 
reconstruction schemes have been completed. Of these 
may be mentioned the changes that have been effected at 
the works of Consett Iron Co., Ltd. The type and arrange- 
ment of the mill plant at these works, which was con- 
structed by Davy Brothers, Ltd., of Sheffield, is of the most 
modern character, and is comparable with the best in this 
country, America, or on the Continent. Other schemes are 
contemplated, but until confidence is fully restored and an 
upward trend in trade is experienced, economic considera- 
tions prevent these plans being executed. 

Considerable savings are being effected by the more 
extensive employment of material-handling equipment. 
The enormous amount of material involved in the manu- 
facture of pig iron has been responsible for the development 
of more efficient transporting facilities involving the 
minimum of labour, as is indicated by the new furnace at 
Derwent Works, but in every section of the industry the 
economical advantages of mechanical handling are appre- 
ciated, and form one of the fundamental considerations 
in all reconstruction schemes. 

Another feature in the operation of the iron and steel 
industry that is productive of considerable saving is the 
efficient use of blast-furnace and coke-oven gases. Both 
from an economic and an operating standpoint the con- 
ditions involved in the utilisation of these gases vary with 
different plants, but much greater attention is being 
given to the economies that can be effected by making 
fuller use of these by-products for a multiplicity of opera- 
tions in the steel plant. By the courtesy of Mr. W. R. 
Lysaght, we have been permitted to inspect a new by- 
product coking plant which has recently been put into 
operation at the Normanby Park Works of Messrs. John 
Lysaght, Ltd. This plant, which has been designed and 
constructed by the Woodall-Duckham Vertical Retort 
and Oven Construction Co. (1920), Ltd., comprises the first 
coke ovens in this country to be heated by blast-furnace 
gas. This installation is significant of the desire of manu 
facturers to effect economies in operation. It is recognisec 
that by making fuller use of blast-furnace and coke-ovet 
gases there is a saving in fuel which leads to cheaper steel 
In this plant, a description of which is published elsewher: 
in this issue, so nice a balance is obtained between the 
total heat produced and that used for the manufacture o 
coke, pig iron, and steel, that no fuel of any description i 
required other than the coal charged into the coke ovens 

These examples will serve to indicate how manufacturer 
are taking advantage of the most modern developments in: 
plant and equipment with a view to meeting change! 
conditions, and as trade improves plant reconstructions nov 
contemplated will be commenced and further progress in 
economic production effected. 
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in their fabrication and machining. In order to cope 


HE thoroughness of the preparatory work that has with the machining problems of the tough modern alloys, 


| been done, and the strength of the Government 
delegation on its way to take part in the Imperial 
Conference is a clear indication of the importance placed 
on the deliberations at Ottawa. The agenda which Mr. 
Thomas read before the House of Commons is a very 
comprehensive one, but it is confidently hoped that this 
will not cause prolonged discussion. The primary object 
of the Conference is to discover how the various members 
of the British Commonwealth of Nations can best effect 
economic co-operation and promote the freer exchange of 
merchandise, capital, and services. The agenda embraces 
all factors that can be regarded as affecting the economic 
life of each part of the Empire, and with rapid agreement 
amongst the various delegations on broad principles in 
the early stages, it should be possible to define a course of 
action which would be a lasting credit to the good sense 
of the delegates. 

Tuere can be no question that there 1s ample room for 
an increase of trade between the various nations repre- 
sented, without in any way seeking to curtail the develop- 
ment of any one of them, but many problems are involved 
which will not readily be solved. The Dominions as well 
as Great Britain desire to market their surplus products, 
and each Dominion must have freedom to develop and 
expand its industries in a manner best suited to its particular 
needs. The desire that a greater proportion of this trade 
should be within the Empire is a reasonable one, and the 
prospects of a great advance in the relationship between 
the various countries was never brighter than on this 
occasion, Although many problems affecting currencies 
and money standards are also due for discussion, their 
solution will determine the attitude of the Empire at the 
projected World Conference. A solution to these problems 
is of great importance, but the people within the Empire 
are looking for more immediate results and there will be 
considerable disappointment unless the decisions made 
definitely prove to be helpful to Empire trade. 

There is a spirit of optimism abroad, and the success 
which has attended the efforts of the British representatives 
at the Lausanne Conference will have had some influence 
in creating a better feeling. We appreciate that the plan 
devised at Lausanne is only a step forward towards world 
recovery, much remains to be done before unanimity exists 
between the nations of the world, but a beginning has been 
made, and the new spirit shown may well inspire the 
Ottawa delegates to effect and maintain greater unity 
between the various countries forming the British Common- 
wealth of Nations. We confidently hope that suecess will 
ittend their deliberations. 


MACHINE-TOOL DEVELOPMENTS. 
NGINEERING progress has necessitated new alloys to meet 
he more severe service conditions involved. The use of 
\igher pressures, the operation of }lants at higher tempera- 
ures, and generally the higher stresses to which com- 
onents are now required to be subjected, have imposed 
ore exacting conditions on the metallurgist. Metals and 
lloys possessing outstanding properties are required, and 
onsiderable progress has been made in their development 
1 both the ferrous and non-ferrous fields. Long and 
xtensive researches have been necessary, but the results 
ive led to the development of metals and alloys capable 
‘ giving increased service under adverse conditions ; not 
‘ily have special alloys been developed with heat and 
‘ rrosion-resistant properties, but also many that offer 
- ecial resistance to abrasive and erosive action; whil> 


various cutting materials have been developed that not 
only are capable of giving a suitable finish, but enable 
machining operations to be carried out at a much faster 
speed. The economical advantages of these modern 
cutting materials, however, are only possible when the 
machine tools, in which they are used, are designed to give 
the desired results. As a rule, developments in cutting 
materials have been in advance of the development of 
machine tools, because some time must elapse before the 
characteristics of any particular cutting material are fully 
known. Want of experience in the use ot new cutting 
materials and in understanding the new conditions in- 
volved, operate against rapid development in machine- 
tool practice, and although machine-tool designers may, 
and do, anticipate the trend of developments, economical 
considerations, particularly during a period of depression, 
have a considerable influence in retarding the development 
of designs to meet new conditions. 

There is always a period of transition from designs which 
are adequate in meeting machining requirements of one 
decade to those that are necessary in the next, and many 
factors influence its duration. This transition period is now 
in evidence, and already there has been a number of 
marked improvements in the design of machine tools. 
The outstanding improvements have been increased spindle 
speeds, increased feeds, and much more rigidity and strength 
than has been customary. 

The fact that the majority of machine tools now operating 
cannot be speeded-up to meet modern conditions and 
maintain rigidity in operation is retarding the full utilisa- 
tion of alloy developments. When these machines fail to 
earn the income that can be earned by newer machines, 
designed to take advantage of the facilities research has 
afforded, they may be regarded as being obsolete, to be 
replaced as and when circumstances permit. Despite the 
need for reducing production costs, new installations can 
only displace obsolete machines gradually on grounds of 
expediency. But in order that successful results may be 
obtained from new machines, it is necessary to consider 
very carefully the actual operations expected of them and 
the performance of those available for these operations. 
The first essential to secure success in machining operations 
is the rigidity of the machine, not only in main structure, 
but also in its components, particularly the tool-carrier. 
The tool must be held rigidly, and no vibration should take 
place under the heaviest conditions of service for which 
the machine is designed to operate. Next in order of 
importance is power. Cutting high-duty materials at high 
speeds to increase output and cheaper production costs 

necessitates much more power than was formerly con- 
sidered necessary. 

Designers are either modifying existing designs or are 
designing new machines to meet the more exacting con- 
ditions now demanded, and in order that readers may 
become acquainted with some of the recent improvements 
in machine-tool design we purpose publishing information 
from time to time dealing with developments of this 
nature. Engineers and machine-shop executives will 
appreciate the economic advantages of using modern 
machine tools, because, in addition to their tremendous 

effect upon manufacturing costs, their increased speed of 
production is a distinct benefit in reducing overhead 
costs. 


FORTHCOMING MEETING. 
The Institution of Mining and Metallurgy. 


|. every field progress has been made in the development July 20. Special general meeting in the Lecture Theatre 


metals and alloys possessing such properties that com- 
) nents can be reduced in weight, will resist greater 

resses, Or give increased service. 

Metallurgists are meeting the demands of the engineer, 
| it the development of high-duty alloys presents problems 


of the Institution of Electrical Engineers, at 5 
or 5-30 p.m. Mr. Charles A. Banks, M.I.M.M., 
who recently arrived in England from New 
Guinea, will present a paper on “ Air-transporta- 
tion of Gold Dredgers in New Guinea,” 
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Improvements in Iron and Steel Practice 
(Continued from page 80). 

The centrifuges are of the suspended, self-balancing type, 

driven by electric motors. From the centrifuges the 

sulphate is fed by a band conveyer into a Wilton drier, 

The dry neutral 


which dries and neutralises the sulphate. 


Lodge-Cottrell electrical tar precipitators and transformer house. 


sulphate is discharged into an elevator, which delivers it to 
a bagging hopper of 30 ewt. capacity, fitted with a weighing 
machine and a suitable gate for discharging into bags. 

Ammonia Still——The ammonia condensate from the 
primary coolers is distilled in a still, situated in the same 
building as the benzol apparatus, so that these plants may 
both be under the charge of one operator, An orifice-type 
meter is provided for measuring the ammonia liquor 
entering the still, which is also provided with a waste- 
liquor trap. Lime slacking and mixing apparatus is pro- 
vided in an annexe to the benzol plant building, while two 
electrically-driven open impeller-type pumps are installed 
for supplying the limewater to the still. One pump acts 
as a standby to the other. 


Ammoniacal Liquor, Tar, and Acid Services. 

Ammonia liquor from the liquor compartment of the 
flushing and separating tank is pumped into a weak 
ammonia liquor storage tank having three days’ storage 
capacity. Two electrically-driven centrifugal pumps are 
provided to transfer the liquor from the storage tank to the 
ammonia still, one pump being a standby. Waste liquor 
from the still is received in a waste-liquor settling basin, 
from which the decanted liquor is allowed to run away by 
drains. 


Exterior view of by-product building and sulphate store, showing 


outside ammonia saturators and se parators 2 also in foreground 


loading platform, and in background henzol scrubbers 
and final cooler. 


sulphate 
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and separating tank is pumped by means of a steam-driven 


capacity. 
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The tar from the tar compartment of the liquor flushing 


pump into a tar storage tank having seven days’ storage 
Another tar pump of similar capacity is pro- 
vided for pumping tar from the storage tanks into wagons. 

The drainages from the exhausters and tar extractors 
and the overflows from the tar and ammonia tanks are 
received by a condensate drain pit and pumped therefrom 
by a float-controlled pump into the liquor-flushing tank. 
A mother-liquor tank receives the mother liquor drained 
from the saturators, and the acid separators, and from the 
acid drip in the gas main after the separators. The mother 
liquor is delivered from this tank to the saturators by means 
of a bronze acid ejector. 


Benzol Recovery. 

After leaving the by-product recovery building, the gas 
passes through a hurdle-type final cooler, where the 
naphthalene is removed. The cooler water passes to a 
naphthalene separating sump of 700 cub. ft. working 
volume. After final cooling, the gas is debenzolised in 
two tower scrubbers, 95 ft. high, and packed with wooden 
hurdles. The gas passes up through the towers and meets 
a descending stream of wash oil, which absorbs the crude 
benzol. The wash oil, enriched with benzol, is delivered 
into a specially designed distilling apparatus provided 
with the heat exchangers, condensers, and 
coolers. 

On its way to the still the cool benzolised oil first passes 
through a meter and into a vertical tube-type vapour to 
oil-heat exchanger, wherein heat is transferred from the 
light oil vapour, leaving the still to the -benzolised wash oil. 
It then passes through an oil to oil-heat exchanger, where 


necessary 


General view of benzol plant, showing wash oil cooler, 
light oil cooler, oil to oil-heat exchanger, exterior of benzol 
house, tower scrubbers and crude benzol storage tanks. 


heat is transferred to it from the hot debenzolised wash oil! 
leaving the still. It is then steam-heated in a final heater, 
two of which are provided, one acting as standby. On 
leaving the final heater, the preheated wash oil enters the 
cast-iron still, composed of a series of 15 trays, where the 
crude benzol is removed by intimate contact with steam 
The hot debenzolised oil from the oil wash still passe 
through the oil to oil-heat exchanger and to a hot oil drait 
tank. Thence it is delivered by an electrically-driver 
reciprocating pump to the wash oil cooler. This coole 
has eight banks of 2-in. galvanised pipes. The cooled was! 
oil then flows to the wash oil circulating tank, whence i 
is pumped over the No. 2 scrubber. Two electrically 
operated centrifugal wash oil circulating pumps, each « 
10,000 gals. capacity per hour, are provided for this duty, 
one pump acting as standby, A third circulating pum) 
pumps the oil from No. 2 scrubber over No. 1 scrubber. 
The gas issuing from No. 2 scrubber passes through a1 
oil separator of the vertical downflow type, and through + 
venturi meter to a single lift gasholder of 100,000 cub. f.. 
capacity. Thence it is distributed to the open-heart. 


furnaces, and other points in the steelworks, where it \s 
being used for heating purposes. 
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Aluminium Sheet Production 


By Robert J. Anderson, D.Sc. 
Part XIII.—Finish Rolling.” 


Practice employed in finish rolling commercially pure aluminium and the softer alloys. 


Finish Rolling of Coil. 

In a small plant aluminium coil may be roughed and 
finished on the same mill ; but in tonnage plants the several 
roughing operations and the finish rolling are conducted on 
a succession of mills. These may all be of the same general 
type—e.g., two-high, non-reversing mills. The general 
precautions given previously as regards the handling of 
sheet apply also to coil. Each lot as delivered to the 
finishing mill should be checked by the roller against the 
mill ticket. Coil slabs may be examined in the early stages 
of roughing for surface defects—i.e., when the slabs are fiat. 
Some defects may then be removed by scratch brushing: 
In the later stages of the roughing, and on finishing, when 
the stock has been wound into coils, it is generally imprac- 
ticable to attempt the removal of surface defects. Of course, 
the mill hands should watch the surface of the coil as it 
enters and leaves the rolls in order to note whether any 
serious flaws are present. 

Roll set is important in coil finishing, and can be made 
with precision. A set for specific draft or roll opening can 
be tested by passing a short piece, cut from the end of a coil, 
through the rolls and then measuring the thickness. This 
piece may be about 18 in. to 12 in. long. Measurement of 
the test-piece will also show whether the rolls are in 
alignment, so as to yield even gauge across the width of the 
coil. Several test-pieces may be cut and passed, and suitable 
screw adjustments made until the mill is properly set. 
Then the lot may be processed. When the first coil is passed, 
the thickness should be measured on both sides at several 
places along the length to ensure that the gauge is running 
uniformly. Also, the gauge should be checked on each coil 
passed thereafter. If the rolls are out of alignment, one 
side of the coil will be extended more than the other. 
Consequently, the edges will be curved instead of straight, 
and the coil will not wind up straight on the blocker. 
Improper roll set yields other adverse results in the finish 
rolling of coil as in processing flat sheet. 

In rolling coil to gauge, the passing and drafting are 
necessarily varied more or less, depending on the finishing 
allowance, width, temper, and some other factors. Generally 
speaking, coil to finish in heavy and medium gauges may be 
rouged to within two gauge numbers of the finished gauge, 
and coil to finish in light gauges may be roughed to within 
four gauge numbers of the finished gauge. At one plant the 
finishing allowances for coil are as follows :—Two gauge 
numoers for gauges to finish No. 23 and heavier; four 
guage numbers for gauges to finish No. 24 to No. 30, 
inclusive ; and six gauge numbers for gauges to finish No. 31 
and lighter. The more the finishing allowance and the 
heavier the final gauge the greater may be the draft per pass 
in running to gauge. Lighter drafts and more passes are 
indicated for soft as contrasted with hard tempers, and for 
wide as against narrow coils. In one tonnage mill the 
general practice as regards drafting in finishing coil is as 
follows :— Stock to finish at 10- to 24-gauge, inclusive, and 
up to 16in. wide is reduced two gauge numbers per pass : 
stock to finish lighter than 24-gauge and up to 16 in. wide is 
reduced three gauge numbers per pass. Stock to finish 
heavier than 16-gauge and 16 in. to 21 in. wide is reduced 
two gauge numbers per pass ; in the same widths, stock to 
finish 16-gauge and lighter is reduced one gauge number per 
pass. Stock to finish wider than 2lin. in any gauge is 
reduced one gauge number per pass. 

The above general statements and specific examples of 
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practice refer to coil to be finished as 2 SH (and 2 SO), and 
most intermediate tempers. In the production of all inter- 
mediate tempers, it is understood that the total reduction 
after annealing must be of proper amount to confer the 
desired hardening. Thus, if 2 S2 is to be made, the total 
reduction is the equivalent of two gauge numbers. Similarly, 
2 S1 is made by reducing one gauge number after annealing. 
Coil is never rolled in pack. 


Fig. 5.—Finish rolling of coil; roller’s side of mill. 

For convenience in handling, and to prevent scratching 
or other marring of the surfaces, coil is fed to mills from 
so-called coil boxes. These are provided with small wooden 
rollers in the bottom and one end on which the coil may 
easily turn. Fig. 5 shows the finish rolling of aluminium 
coil; the coil box may be noted in the foreground. The 
side guides and top guide board are seen in front of the 
top roll. Tension is applied to the coil by means of the 
bridle, shown extending from housing to housing. Long 
lengths of strip are exceedingly troublesome to manipulate 
by hand, and, accordingly, should be wound up into tight 
coils by means of a suitable blocker on exit from a roll 
stand. Automatic coilers and wrappers are provided for this 
purpose. At one point stock coming off the mills at 20-gauge 
and heavier is coiled by hand into loose coils. These are 
held together by means of large aluminium hairpins (made 
by bending slab shearings to shape). Stock running lighter 
than 20-gauge is wound up with an automatic blocker, 
At another plant, strip block is coiled in the early stages 
of roughing—when it reaches a thickness of about 0-15 in., 
or a little lighter. Fig. 6 shows the catcher’s side of a small 
coil mill with the coil being wound up by means of an 
automatic wrapper. 

Two men, a roller, and a catcher, are required to operate 
a finishing coil mill equipped with an automatic blocker. 
A helper may serve one or more stands, placing coils in 
the feed-box for rolling. Rate of output in the finish rolling 
of coil is very variable, depending on numerous factors and 
conditions. Fast-running one-pass stock has been finished 
at the rate of 2,500 lb. per hour. Average production is 
much less than this figure. 

The surface finish of aluminium coil, which has been 
rolled to gauge on a mill equipped with cast-iron rolls, and 
using a roll oil as the lubricant, is relatively dull—.e., as 
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compared with the finish of bright, flat sheet. A brighter 
finish is obtainable when the material is finished on mills 
equipped with forged alloy-steel rolls, and less or no oil or a 
lighter lubricant may be used. In some plants a lubricant 
is used on the early finishing passes (where the draft, and, 
consequently, the friction, is relatively great) and the last 
passes, or a skin pass, are made on comparatively dry rolls. 
This has the effeet of brightening the metal somewhat. 
In a German mill, highly polished, full-hard, alloy coil is 
finished by passing the stock through a pair of buffs 
situated in front of the mill and then to the rolls. Steel 
rolls are employed. 


- 


AS 


Finish re lling of coil cate her's side of mill, 


The principal lubricants used in the finish rolling of 
aluminium coil (as well as in the roughing) are so-called 
metal roll oils and mixtures of such oils with kerosene. 
Friction is reduced and coating formation prevented by the 
use of a roll oil. An oil known as “ C ” metal oil, sold by the 
Gulf Refining Company, Pittsburgh, and elsewhere, has been 
employed very largely in American mills, either as such or 
mixed with kerosene. Any lubricant should be applied 
evenly to both rolls, and not allowed to drip or splash in 
spots from a can. A good method of application is to feed 
the oil to the felt buffs which contact the rolls. A buff may 
be noticed in contact with the top roll of the mill shown in 
Fig. 5. Variation in the quantity of oil applied will tend to 
cause uneven gauge in coil finishing. Thus, if a coil is 
started through a pair of rolls which are comparatively 
dry, and then a quantity of oil is splashed on when the strip 
is halfway through, the gauge thickness of the last half ot the 
coil will be variable and appreciably lighter than that of 
the first half. At one plant the lubricant used on coil to 
finish in intermediate tempers, delivered to the mill in the 
annealed condition, is **C*” metal oil. The lubricant used 
on coil which is to finish fuil hard (delivered to the mill in 
the full-hard temper) is a mixture of two parts * C” metal 
oil and one part kerosene. Annealed metal tends to heat 
rather rapidly on the initial passes. Hence, in order to 
reduce the friction as much as possible and provide the 
maixmum cooling effect, roll oil alone is used as the lubri- 
cant in processing soft stock rather than a mixture containing 
kerosene. 

The shape of roll surfaces has been discussed previously. 
If coil tends to buckle in the centre the indications are that 
the roll is too full. In order to correct this the water should 
be shut off at the necks, and + pass made with a cold 
strip, reducing about two gauge numbers. When waves 
appear on the surface of the coil the indications are that the 
centre of the roll is too cold (flat). In this case water should 
be run on the necks. Also, the strip may be swabbed with a 
mixture of 50:50 metal oil-kerosene; this will tend to 
heat the rolls at the centre. 

The rolls of coil-finishing mills should be cleaned after 
about five or six hours of operation. In cleaning, the felt 
buffs should be taken off and the rolls washed with kerosene. 
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Any small particles of metal adhering to the buffs should be 
removed. During the course of rolling care should be taken 
to remove any small particles of metal that may adhere to 
the rolls or guide boards. Bridles should be brushed when- 
ever necessary, and feed-boxes should be kept clean. 

be Continued.) 


BALKASH COPPER WORKS. 


HE mining and smelting works now in course of 

j construction at Bertiss, at the western end of Lake 

Balkash in Kasakstan, are claimed to be the largest 
in the world. They are being constructed because of the 
pressing need of the Soviet Union for a copper industry 
able to supply the growing demands of the electrical 
industry. The new works are designed for an annual 
output capacity of 175,000 tons of copper. In addition to 
the main plants connected with the mining and smelting 
of the ore, a chemical combine will also be formed to handle 
the by-products. Plants for the utilisation of other ores 
in the region are also to be built. The works are expected 
to be completed by 1935, and are estimated to cost 450 
million roubles, out of which 100 million roubles is to be 
expended on building operations this year. 

The constructional difficulties involved in this project 
are very considerable. There are, for instance, practically 
no roads, certainly none over which heavily laden lorries 
can haul their loads. There are no navigable rivers down 
which material can be shipped, and practically no in- 
habitants to serve as a source of labour. The country is a 
barren waste for hundreds of miles around, while the 
extremes of the climate are 40° to 50° F. below zero in 
winter and almost tropical in summer, 

The Trans-Siberian Railway, which will serve as one of 
the important links for the carriage of materials in the 
early days of construction, runs some 550 miles to the north 
of Lake Balkash, while the new Turk,-Sib. Railway runs 
100 miles to the south. It will therefore be necessary to 
make a new line from these two arteries to the building site. 

Last summer the railway connecting the Turk.-Sib. and 
the Trans-Siberian lines was completed, thus paving the 
way for the new branch line to the Balkash copper works. 
This connecting line touches Lake Balkash at the eastern 
end. The chief means of transportation will therefore be 
Lake Balkash, the channel of which is to be deepened. 
Docks and shipyards will be built for the use of the works, 
both in course of construction and afterwards when pro- 
duction has commenced. 

The mines and concentration plant are to be completed 
by 1933. The concentration plant, which will be built in 
sixteen sections, is being built for a daily output capacity 
of 48,000 tons. The by-products of the plant will be 
utilised for the production of sulphuric acid and nitrogenous 
fertiliser. 

Two hundred and fifty miles north of Lake Balkash are 
the big Karaganda coal deposits, which are to be used for 
the copper works, the railway, the power plant, etc. The 
power plant is ultimately to have a capacity of 212,000 kw., 
and will supply power to the combine and to the town to 
be built around the works. 

Work has already been commenced on a temporary 
power station to supply electricity for construction purposes. 
A number of plants are also to be built for the making 
of bricks, concrete blocks, also a sawmill and wood-working 
plant, a mill for the production of sand, gravel, and lime. 

Trees are already being planted in nurseries, to be 
transplanted later around the different factories and 
workers’ dwellings. It is estimated that at the end of this 
year the new town will have a population of 30,000. Twenty 
million tons of ore will be raised for the Lake Balkash 
Smelting Works every year in the Kunrad district, about 
fifteen miles north of Lake Balkash. The resources of the 
mines are estimated at about 1,600,000 tons of metallic 
copper. This is one of the richest deposits in Kasakstan, 
and contains about 50%, of the known copper in the 
Soviet Union, 
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The Protection of Iron and Steel from 
Corrosion 


METALLURGIA 


Part |.—The Principles of Protection. 
By Ernest S. Hedges, M.Sc., Ph.D., D.Sc., A.I.C. 


metals, and particularly of iron and steel, is familiar 

enough to engineers, metallurgists, chemists, and 
others who have experience of the behaviour of metallic 
structures exposed to the atmosphere. Apart from con- 
verting the iron or steel into another less corrodible 
substance by alloying it with chromium, nickel, or other 
metal, there are two methods which are generally applicable. 
One of these is sometimes effective in reducing the amount 
of corrosion of iron and steel in aqueous solutions, such as 
natural waters, and consists of adding to the water an 
inhibitive chemical agent. This is generally an alkaline 
substance (sodium hydroxide, carbonate, silicate, etc.), or 
a mild oxidising agent (potassium chromate), which acts 
by forming a protective film of oxide on the surface of the 
metal in the way described below. The other method is to 
treat the surface of the metal, covering it with a layer of 
material resistant to corrosion. This may be a layer of 
another, less corrodible, metal, or may be a film of paint, 
varnish, or bituminous material. The greasing and oiling 
of machine parts must also be considered as a similar means 
of preventing corrosion. Whatever the method employed 
in practice, it is founded on purely scientific principles, 
which have come to be recognised fully only during recent 
years. The effect of a coating applied intentionally for 
protection, but without regard to these scientific principles, 
has been shown by a vast amount of experience to be 
uncertain and in many cases actually deleterious by 
concentrating the attack at certain vital spots. 

Whether a protective film is acquired spontaneously by 
metals as a protection against the attacking chemical 
agent, or whether it is applied by artificial means, the 
essential conditions for its successful action are uniformity 
and perfect continuity over the entire surface. A dis- 
continuous film is generally worse than the absence of a 
film, because differences of potential will be set up between 
the covered and uncovered portions, leading to anodic 
attack. For the same reason, all films are not protective, 
even when chemically resistant, especially when the 
adherence to the metal base is not good. This is particularly 
evident in the most usual cases of corrosion, depending on 
the presence of atmospheric oxygen. A loosely adherent 
film renders certain parts of the metal relatively 
inaccessible to oxygen and these become anodic to the 
‘xposed parts, thus producing a local type of “ pitting.” 
‘his behaviour is readily explained by the “ differential 
eration principle of Evans." 


"T= economic importance of allaying the corrosion of 


The Direct and Indirect Action of Oxygen on Iron, 

It has long been recognised that iron does not rust in 
ure, dry oxygen, or in pure, dry air. That does not mean 
hat there is an entire absence of chemical action, for 
ecent investigations have demonstrated quite conclusively 
hat superficial oxidation occurs quickly, but the thin, 
iniform skin of oxide which is formed prevents the 
urther access of oxygen to the remaining metal. The direct 
ction of oxygen on iron is, therefore, far from being a 
ienace ; it is actually a preventive of corrosion, since it 
utomatically produces a protective film over the surface of 
he metal. Only when the metal is almost entirely surface, 
hat is to say, when it is extremely finely divided, does 
irect oxidation of this type become serious. As will be 
hown later, there is another, indirect, action of oxygen 


1“ Corrosion of Metals,” 1926, Arnold and Co. 


exerted on the corrosion of iron in the presence of 
electrolyte solutions, and this is a very different problem. 

The protective properties of the oxide film produced by 
the direct action of oxygen on a metal depends not only on 
the chemical resistance of the oxide, but also on the 
physical properties of the film, which in turn vary with the 
conditions of production, but in general, if a hard, 
compact skin of oxide forms it may protect the underlying 
metal from further oxidation, One of the properties 
involved is specific volume, for if the specific volume of 
the oxide is considerably greater than that of the metal 
the expansion involved in the oxidation produces a 
powdery layer of oxide, which has a feeble protective 
effect, allowing further oxidation to ensue by diffusion of 
more oxygen through the loose layer. 

The protective qualities of a film may vary with the 
temperature at which it is produced, for a film which 
affords reasonable protection at the ordinary temperature 
may crack at higher temperatures, owing to changes in its 
physical properties and those of the metal, and then offer 
little protection. The immunity afforded by the film is not 
confined to oxygen, but extends to attack by other 
chemical agents. For example, when drops of dilute copper 
nitrate solution are placed on iron which has been heated 
very gently in the air so as to give it a thin coating of 
oxide, metallic copper is not deposited immediately, 
although the deposit on a clean iron surface is immediate. 

This method of testing has been applied by Evans? to the 
examination of the protective properties of oxide films on 
metals and the greater part of our knowledge of these 
films is due to his work. When an iron strip is heated at 
one end only, a visible scale of oxide forms at the heated 
end, gradually becoming thinner as it progresses towards 
the cold end, where the metal appears to be unchanged, 
and in the intermediate region are to be observed temper 
colours due to the interference of light by a thin oxide film. 
When the different parts are tested with drops of copper 
nitrate solution it is found that metallic copper is 
immediately deposited at the end which has not been 
heated, but that farther along the strip, and before the 
temper colours are reached, the deposit becomes less and 
less and eventually ceases, although this part is not visibly 
different from the part where copious deposition takes 
place. When the temper colours are reached, deposition 
generally occurs at scattered points, which represent 
cracks in the film. The obvious explanation is that the 
oxide film continues from the heated end beyond the region 
of visible temper colours, and, although invisible, is 
sufficiently protective to shield the iron from the copper 
nitrate solution. At the other extreme, where copper is 
deposited, the film, if formed at all, is either not thick 
enough or not continuous enough to protect the metal. 

Evans has made a further most important advance, 
however, by isolating the film at various parts of the metal 
and rendering it visible even in the parts where it is 
normally invisible. The film is invisible only so long as it 
is in optical conta¢t with the underlying metal and when 
it is removed therefrom it is readily visible under the 
microscope. The ingenious method of isolation adopted 
was to corrode away the enclosed metal either by anodic 
attack or by treatment with iodine solution, leaving the 
envelope of oxide film untouched. Not only was Evans 
able to show by this means that an oxide film is definitely 
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present on the parts of the iron that are “ passive ” 


towards copper nitrate, but also that there is a ragged film 
even on the parts which still remain “ active.”’ In fact, 
on exposure to air, electrolytic iron acquires an oxide film, 
and if given long enough time the iron may become passive 
to copper nitrate solution without heating. 

The oxide film isolated by Evans is non-magnetic and 
appears to be ferric oxide. 

It may be imagined that the practical value of a film so 
thin as to be normally invisible is of little account. Actually, 
however, the better the protective qualities of a spontane- 
ously acquired film the thinner it will be ; for an efficient 
film automatically prevents its own growth, and the fact 
that a film grows to visible dimensions indicates that it is 
not completely preventing further attack on the under- 
lying metal. A uniform coating of iron scale does have 
some protective value for, although porous, it succeeds in 
hindering the diffusion of corrosive agents to the iron. 
The chief objection to the presence of scale and rust on 
iron is that the coating is generally not uniform, either in 
thickness or in adherence, and oxygen can therefore diffuse 
more readily to some parts of the metal than to others. 
This differential aeration produces differences of potential 
in various parts of the metal, a fact which was demonstrated 
experimentally by Evans.* The less aerated portions 
become anodic and corrode still further. It may be noted 
that since the direct action of oxygen is again involved 
here the parts to which oxygen has least access are those 
where corrosion is greatest. 

The indirect action of oxygen is a weighty factor in 
corrosion and can be illustrated by the action of sea-water 
on iron structures. This type of corrosion is mainly electro- 
chemical and is dependent on the formation of anodic and 
cathodic areas, through the presence of nobler impurities 
forming a separate phase in the iron, or through differential 
aeration brought about by uneven painting, or the existence 
of cavities to which oxygen has little access, or through 
other causes. Whatever the cause of the differences of 
potential set up, short-circuited electrolytic cells are 
produced. In sea-water, the conditions are not normally 
suitable for the continuous evolution of gaseous hydrogen 
at the cathodic areas and the cells become polarised, but 
the depolarising action of dissolved oxygen, which is 
plentifully supplied, enables the electrochemical reaction 
to continue. Regarding sea-water as a dilute solution of 
sodium chloride for the sake of simplicity, sodium hydroxide 
is produced at the cathodic areas, whilst at the adjacent 
anodic areas the product is soluble ferrous chloride. 
Where these two solutions meet, ferrous hydroxide is 
precipitated and is rapidly oxidised by the dissolved 
oxygen to ferric hydroxide. This rust is not a primary, but 
a secondary, corrosion product, and as it is not formed 
directly at the iron surface, but in the solution at an 
appreciable distance from the metal, it does not form a 
protective coating. On the contrary, it will tend to assist 
corrosion by shielding the underlying metal from the direct 
protective action of oxygen, thus setting up electric 
currents through differential aeration. The velocity of this 
type of corrosion depends on the rate of supply of dissolved 
oxygen to the cathodic portions, which do not corrode. 


The Action of Oxidising Solutions on Iron. 

For more than a hundred years it has been known that 
when iron is immersed in oxidising solutions, such as 
concentrated nitric acid, potassium chromate, hydrogen 
peroxide, etc., it is rendered peculiarly “ passive ” towards 
many reagents which normally attack iron readily. 
When withdrawn from the oxidising solution and washed 
the passive iron does not liberate copper from copper 
nitrate solution and does not immediately react with 
dilute acids. Faraday was interested in this phenomenon 
and with characteristic insight guessed the inertness to be 
due to a film produced by the action of oxygen at the 
surface of the iron. In later years, a belief that some 
allotropic change occurred in the metal gained ground, 
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but recently it has come to be almost universally accepted 
that passive iron owes its inertness to the possession of a 
very thin, protective oxide film. 

Any doubt regarding the action of potassium chromate 
solution has been removed by the actual demonstration 
of the presence of an oxide film on iron rendered passive 
by this means. Using the methods described, Evans has 
succeeded in isolating from such specimens an oxide film 
which resembles that produced by the action of atmospheric 
oxygen, except that it is generally in better repair. These 
experiments leave no room to doubt that in the cases 
examined the inertness of iron is due to the protective 
effect of a thin film of oxide, but the method of isolation 
was not applicable to the most interesting case of 
passivity—that produced by concentrated nitric acid— 
because of the spontaneous breakdown of the passivity 
after withdrawal of the metal from the nitric acid. 

The inertness of electrolytic iron in concentrated nitric 
acid has been examined by the present author,* who 
obtained evidence indicating the existence of a protective 
film of ferric oxide, using methods which did not involve 
the removal of the metal from the acid. If the passive 
iron is coated with an oxide film, it may be expected that 
the film will be washed or torn off when the metal is whirled 
rapidly in the acid, so that the iron will become active and 
dissolve. On the other hand, according to the views 
advanced by Smits®, the more rapid removal of ions from 
the metal by a high speed of rotation will produce a more 
violent disturbance of the inner equilibrium at the surface 
and the iron will tend to become more passive. 

When iron strips were whirled at 3,000 r.p.m. in nitric 
acid at a concentration just sufficient to render it passive, 
no change occurred until after 30 secs., when the solution 
quite suddenly became deep yellow. After a further period 
of 60 secs. the iron had dissolved completely. Separate 
experiments showed that a similar piece of iron kept at 
rest in nitric acid at the same concentration was dissolved 
after eight days. The experiments show beyond doubt that 
passive iron becomes active when rapidly whirled in nitric 
acid. The induction period of 30 secs, is interesting, because 
it seems probable that this is the time taken to remove the 
protective film, after which the dissolution proceeds apace. 

Further experiments showed that when passive iron is 
heated in nitric acid it becomes active and dissolves at 
75°C., and that freshly ignited ferric oxide is not appreci- 
ably dissolved by nitric acid until this temperature is 
reached, indicating that the protective film is ferric oxide. 

In addition to these experiments, which afford direct 
support of the oxide-film theory, evidence was also obtained 
which tends to show that the transition temperature 
(75° C.) does not mark anything in the nature of an allo- 
tropic change in the metal itself. Ordinary, active iron 
immediately becomes blackened when placed in silver 
nitrate solution, through deposition of metallic silver on 
its surface, whereas passive iron remains unchanged. If 
an allotropic change from passive to active iron occurs at 
75° C., then a piece of passive iron, placed in silver nitrate 
solution, should cause deposition of silver when the 
temperature is raised to 75° C. Actually, it was found that 
iron made passive by nitric acid can be heated in 0-2 N- 
silver nitrate solution without any deposition of silver 
occurring. 

Doubt has often been expressed as to the existence of 
an oxide of iron capable of resisting the solvent action of 
concentrated acids, and it has sometimes been supposed 
that, in order to account for the activating effect of raising 
the temperature, any such oxide formed must be decom- 
posed at a moderate temperature. These assumptions are 
quite unnecessary, for the superior solvent action of nitric 
acid on ferric oxide at higher temperatures is sufficient t« 
account for the activation, and it is also well known that 
freshly ignited ferric oxide dissolves in acids with difficulty. 

It is wise, however, not to lose sight of the fact that the 
degree of protection afforded by a film against a corrosiv: 
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5“ Theory of Allotropy,” 1922, p. 345. 


= 
‘ 
« 


Juty, 1932. 


solution is determined not only by the mechanical and 
physical properties formerly discussed, but also by the 
chemical nature of the film. Essentially, the film must be 
unattacked or only very slowly attacked by the solution. 
It is a significant fact that the three metals which are most 
readily rendered passive (iron, chromium, aluminium) 
give oxides which, when freshly ignited, are scarcely 
dissolved by acids. Possibly the velocity of dissolution of 
the oxides is controlled by the degree of hydration of the 
particles. Thus, ordinary powdered ferric oxide contains 
adsorbed water and is much more readily soluble than the 
ignited material. If the loosely combined water is very 
great, as in a ferric hydroxide gel, the dissolution by nitric 
acid is immediate. 

The film isolated by Evans from iron rendered passive 
by potassium chromate solution could be kept in dilute 
sulphuric acid for a considerable time—a further indication 
that it is protective chemically as well as mechanically. 
When, however, the ferric oxide film is in juxtaposition 
to the metal a local cell is set up, and the cathodic ferric 
oxide is reduced to the relatively soluble ferrous oxide. 
Once a weak point or crack in the protective film occurs 
on passive iron placed in dilute sulphuric acid, activity 
will rapidly spread unless there is some oxidising condition 
present which can keep the weak point in repair. 


The Behaviour of Iron Anodes. 

At low current densities an iron anode is attacked by 
many dilute solutions of electrolytes, going into solution 
as a ferrous salt. In many of the solutions, as the current 
density is increased to a critical value, the iron suddenly 
ceases to dissolve appreciably and the electrical energy is 
expended on the liberation of oxygen at its surface. At 
the same time the potential of the electrode becomes more 
positive, the iron behaving as though it were a noble metal, 
like platinum. The behaviour of the iron is in many 
respects similar to that of passive iron, which has been 
treated with concentrated nitric acid or other oxidising 
agent. This peculiar anodic state is, therefore, called 
** electro-chemical passivity.” 

It is not possible to review much of the work which 
leads to the belief that the electrochemical passivity of 
iron in dilute electrolyte solutions is due to the production 
of a protective oxide film, but reference may be made to 
some papers by the present author®, who has studied the 
anodic behaviour of copper, silver, magnesium, zinc, 
cadmium, mercury, tin, lead, iron, cobalt, nickel, and 
aluminium in a number of reagents, including acids, 
alkalis, and neutral salts. The current density—potential 
curves of all these systems have been constructed and have 
been compared with the visible changes occurring at the 
anode, and the impression gained is that all the metals 
mentioned show a similarity of behaviour. Some of the 
metals become definitely passive at the higher current 
densities, whilst others become coated with a visible film, 
which causes a rise of potential, but allows the metal to 
go on dissolving at a slower rate. The conclusion reached 
from this series of investigations is that in those metals 
which are said to become definitely passive the film is 
highly protective, and therefore remains thin and invisible, 
whilst in the other cases the film is poorly protective and 
grows to a considerable thickness. No fundamental 
difference could be found between film formation and 
passivity. 

Further support of this view is derived from the author’s 
study of periodic phenomena in these systems. With all 
the metals mentioned, regular periodic changes in current 
density and anode potential occur under conditions which 
have been closely defined for each system. The electrical 
change is accompanied in some cases by the visible periodic 
formation and dissolution of anodic films and in others by 
the periodic evolution of oxygen. Three conditions are 
essential to secure these periodic effects: (1) A film must 
form over the anode ; (2) the film must be soluble in the 
electrolyte when the circuit is broken; (3) the current 
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density must be between two well-defined limits, which 
depend on the temperature, concentration, and nature of 
the solution. Given these conditions, iron, cobalt, nickel, 
and aluminium exhibit periodic activity and passivity, and 
the remaining metals show visible periodic film formatiom. 
This suggests that the phenomena are the same. 

Although no visible film is present on a passive iron 
anode in dilute sulphuric acid, it has been observed by 
Miiller’, and independently by the author®, that immedi- 
ately before the metal becomes passive a thin film sweeps 
over its surface and disappears as passivity sets in. In the 
author’s experiments the conditions were particularly 
favourable for the observation of this film, for they were 
such that passivity was periodic, and the film could be 
seen to sweep up the anode at regular intervals of time. 

For example, using an anode of electrolyte iron in 10 per 
cent. sulphuric acid at a current density of 420 milliamp. per 
em.” the potential difference across the electrodes oscillated 
continuously between 1-5 and 3-3 volts, in periods of 
40 secs. No gas was evolved during the active state of the 
metal, but oxygen was evolved while the metal was in the 
passive state. The metal was lustrous during the passive 
periods, but acquired a dull, dark grey film during the 
active periods. Each time passivity set in, the film peeled 
off and subsequently dissolved in the solution. Evolution 
of oxygen then ensued, beginning at the lowest part of 
the electrode, up which the passive state rapidly travelled 
until the whole of the metal was evolving oxygen. At the 
end of the period the oxygen evolution ceased and the 
metal slowly acquired its grey film, which again peeled off 
at the next period of oxygen evolution. In 5 per cent. sul- 
phurie acid continuous oscillations between 2-4 and 4-0 
volts, having a period of 30 secs., were obtained with a 
eurrent density of 850 milliamp. per cm?. The film in this 
case did not peel off, however, but apparently dissolved, 
uncovering the lustrous surface. Closer observation showed 
that the film is completed just before the potential rises, 
then oxygen is evolved, and the film disappears. It is not 
supposed that this visible film is the film responsible for 
passivity—in fact, it is thrown off the passive electrode by 
the bubbles of oxygen—but is a precursor of passivity. 

These experiments, and others on the influence of rotation 
of the anode on periodic film formation® and passivity have 
led the author to the following theory of anodic polarisation. 
When an iron anode is dissolving in dilute sulphuric acid, 
there will be a certain critical current density above which 
sulphate ions are discharged more quickly than they can 
be replaced by diffusion. At this point some hydroxyl ions 
will be discharged simultaneously. In addition, since 
hydrogen ions are repelied from the positively charged 
anode, the hydroxyl-ion concentration in the thin sheath 
of liquid immediately contiguous to the anode will increase. 
The net result of these effects is the production of oxide or 
basic salt at the surface of the anode. Since sulphate ions 
are still being discharged, the film will not be continuous 
and, in virtue of its non-protective nature, will attain 
visible thickness. The relatively thick film will have the 
effect, however, of raising very greatly the effective current 
density at those areas of the electrode left uncovered. 
Consequently, at some isolated spots the discharge will 
consist mainly of hydroxyl ions, giving a perfectly con- 
tinuous oxide film. Once this protective film has formed 
it is immaterial whether sulphate ions or hydroxyl ions are 
discharged at its surface, for either will produce evolution 
of oxygen. Although the thin, invisible film cannot then 
grow in thickness it will extend sideways, rapidly covering 
the entire electrode. At this stage oxygen is evolved at the 
surface of the invisible film, causing the discontinuous 
visible film to be thrown off the electrode. 

These views are confirmed by some recent experiments 
of Evans!®, who has now isolated the film responsible for 
the passivity of an iron anode in dilute sulphuric acid by 
alternately making and breaking the circuit. 


7 Z. Elektrochem., 1924, 30, 401. 
8 Hedges, J.C.S., 1926, 2,878. 
9 Hedges, J.C.S., 1929, 1,028, 
10 Nature, 1930, 126, 130. 


2 
ay 
tes 
oF 
4 
1 
in 
; 


Reviews of Current Literature. 


Manufacturing Industries of the British 
Empire Overseas. 
Part VI.—West, East, and Central ‘Africa. 


Tuts is the final part of a series of monographs which has 
been published to present, in a concise and understandable 
form, statistical knowledge concerning the manufacturing 
industries of the British Empire overseas. The first book 
of the series, on Canada, was published in 1930; since 
then further books have been published dealing with 
Australia, Union of South Africa, New Zealand, Newfound- 
land, and Crown Colonies and Protectorates, and now this 
final book of the series has been published. These books 
are of particular interest in view of the approaching 
Conference at Ottawa, because they discuss the economic 
and trading conditions in the various Dominions and States, 
give intimate information regarding their industries, and 
indicate directions in which development will assist a 
successful Imperial policy. It is generally recognised that 
the failure of the impending Conference at Ottawa would 
be a calamity of the first magnitude, since it would indicate 
that our ideal of a homogeneous British Empire was not 
supported by business interests. The general effect of such 
a catastrophe would be to intensify the present economic 
position and further aggravate the world crisis. 

Many economi:ts hold that this crisis cannot end until 
Britain is once more established as financial arbiter ; they 
consider that the prosperity of the world is bound up with 
the recovery of Britain. Whatever opinions may be held 
on the question there can be no doubt that if the Conference 
achieves Imperial success many of the present hindrances 
which hamper Imperial trade will disappear and the 
beginnings of a world improvement will be visible. It 
is to give necessary information that will facilitate this 
object that these books have been written. 

A remarkable feature in the production of the countries 
which are grouped in this book is the diversity of their 
products, for, with one exception, in no case is the principal 
product of one country the same as that of any other. 
Northern Rhodesia has a future as a potential source of 
supply of copper for the Empire and the world. At present 
the only copper mines at work are Roan Antelope and 
N’Kana, and it is shown that the former can land blister 
copper in Europe at a price not exceeding £25 per ton, 
including all charges except income tax, amortisation, and 
debenture interest ; the conditions of the latter mine are 
such that copper can be produced at a still lower figure. 
Thus, if the price of copper remains at its present low 
figure the Northern Rhodesian mines are amongst the few 
that are certain to survive because of the low production 
costs. 

It is not possible to even summarise the contents of this 
book, but all who have trading connections, or are con- 
templating trading connections in the countries covered, 
will find this work invaluable, particularly the numerous 
diagrams, which are excellently produced and provide a 
fund of statistical information on each Colony or Pro- 
tectorate included in the survey. 

By Harotp N. Carvarno. Published by Erlangers, 
Ltd., Bankers, 4, Moorgate, London, E.C.2. Price, 
7s. 6d. 

Fuel Economy Review. 

THE 1932 issue of this journal contains articles on many 
aspects of industrial fuel and power practice by expert 
authorities, including not only surveys of progress in 
relation to the preparation and treatment of coal, but also 
authoritative articles on a number of practical aspects. 
Economy must not be confused with expenditure, as an 
editorial states: expenditure will have to be incurred 
not only in maintaining plant and equipment at the 
highest order, but also in carrying on research in an 
endeavour to abstract from nature some of her still guarded 
secrets. It is the efficient use of fuel with which the journal 
deals and which economy results in economy. 

A brief description of certain of the major programmes 
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which are in progress at the Fuel Research Station is given 
by Dr. F. 8. Sinnatt. Carburisation experiments have been 
carried out on several types of coal, and as a result of the 
knowledge gained from these experiments it is becoming 
less difficult to establish suitable conditions for any new 
type of coal. Some experimental work on burners for 
pulverised fuel is discussed, and brief reference is also made 
to the conversion of low-temperature tar into motor spirit. 
Low-temperature carbonisation is discussed by Dr. C. H. 
Lander. 

A valuable resumé of information on the storage of 
coal is contributed by Sir Frederic Nathan. He discusses 
the factors which influence the rates of oxidation of different 
coals and the conditions under which coal can be stored in 
practice so as to eliminate or to materially reduce the effect 
of these factors. A useful bibliography on the subject is 
included. The cleaning of coal, in order to improve its 
quality and make it more suitable for industrial and 
domestic use, is discussed by Mr. R. A. Mott: while an 
informative survey of the progress of standardisation in 
relation to coal and coke is also included. 

A rather comprehensive review of gas-works practice is 
contributed by Mr. H. D. Greenwood ; area gas supply is 
discussed by Dr. E. W. Smith: and a report on technical 
developments in the by-product coking industry is con- 
tributed by Dr. G. E. Foxwell. 

Economy in production of steel by the open-hearth 
process is considered by Dr. V. H. Legg, who refers briefly 
to some of the more fundamental principles dealing with 
the transference of heat and the flow of gases in so far as 
they concern open-hearth practice. Some of the aspects 
of furnace design are discussed which are of significance in 
securing high efficiency. The extensive losses which result 
from the use of low power factor apparatus are not generally 
realised, and Mr. D. B. Hoseason’s article on ** Power 
Factor and Coal,” in which these losses are quantified in 
respect of motors, distributors, transformers, transmission 
lines, and generators will therefore be of considerable 
interest to power-provision engineers. 

Very little attention has been given to either the 
practical or theoretical functions of the slags formed 
during the melting of cast iron in the foundry cupola, 
and Mr. J. E. Fletcher contributes a comprehensive dis- 
cussion on the slag problem in iron-foundry practice. 
Much depends upon careful cupola operation during 
charging if slags produced are to function properly, and 
the method of tapping-off the slag has an influence on the 
analysis of the slags. The fluid condition of cupola slags 
is discussed, also scavenging dopes and innoculanis. 

The mechanical and thermal aspects of the furnace wall 
are the subject ot a valuable contribution by Sir Robert 
Hadfield and Mr. R. J. Sarjant. The article includes charts 
constructed by the authors for the ready determination of 
the flow of heat through a composite wall of standard fire- 
brick and diatomaceous insulating brick, and proceeds to 
deal with the flow of heat through a furnace wall under 
fluctuating conditions. 

The differences in the properties of the several types of 
wires, such as for fencing, telephone, telegraph, rope, spring, 
ete., are very marked, and their manufacture for a given 
purpose from material of a specified composition calls for 
strict and accurate metallurgical control, particularly in 
the heat-treatment to which the wires are subjected to 
improve their internal structure and metallic properties. 
The question of furnaces for the heat-treatment of wire 
is an important one, and Mr. R. Whitfield contributes an 
informative article on the subject. Among many other 
interesting articles in this issue may be mentioned the 
contribution on “ Some Aspects of the Chemistry of Boiler 
Water,” by Mr. H. E. Jones, which deals exhaustively with 
scale formation, the prevention of scale, water treatment, 
water conditioning for high-pressure boilers, and caustic 
embrittlement. All interested in fuel probelms should 
obtain a copy of this review. 

Published by The Fuel Economy Department, Federation 

of British Industries, 21, Tothill Street, London, S.W. 1. 
Price, 2s. 6d. net. 
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Mechanically Charged 


Blast Furnace 


A new furnace of British design and manufacture, which is mechanically charged 
from bunkers by one operator, has been installed at the Derwent (Workington) 


Works of the United Steel Companies Ltd. 


Push-button control of hoisting, 


distributing and charging apparatus; automatic weighing and recording of materials ; 
the centralisation of all controls and indicators; and an automatic charge-level 
recorder, are some of the outstanding features of this modern plant. 


furnaces is an essential requirement in meeting the 
manufacturing conditions that exist to-day. During 
the last few years considerable developments have been 
made in blast-furnace plant, primarily with a view to 
reducing the costs of production to a minimum, in order 
to meet the prevailing economic conditions with its keen 
competition. 
The fundamentals which contribute largely to affecting 
this reduction in manufacturing costs are increased output 


"T's efficient and economical operation of blast 


per furnace. The 
preparation of the 
materials to be 


charged into the 
furnace—i.e., crush- 
ing and sizing the 
ores into various 
grades according to 
their character, mak- 
ing them of minimum 
size consistent with 
avoiding too large 
an increase in their 
resistance to the 
ascending gases, and, 
where necessary, sin- 
tering the fine ores ; 
crushing the lime- 
stone into pieces 
about the same size 
as the ore, and 


screening the fines 
from the limestone 
ind coke. The tre- 


nendous weight of 


Furnace Construction. 


A section of the furnace is shown in the accompanying 
line illustration. The contour of the furnace lines was 
developed from records of many years’ experience with 
local ores and conditions. The stack has a height of 80 ft. 
from tap-hole to main hopper ring, but provision has been 
made for the height to be increased to 85 ft. if and when 
this is thought desirable. It has a hearth diameter of 
17 fé., and a bosh diameter of 21 ft. 6 in.; the depth of the 
former is 8 it. and the latter 11 ft. Sin. The stock-line 
diameter is 16 ft. in- 
side the protection 
plates. There are 
four gas outlets 
equally spaced round 
the top of the fur- 
nace. The hearth 
jacket and bosh cas- 
ing are of steel-plate 
construction, both 
being water cooled 
by means of sprays, 
which maintain a 
continuous film of 
flowing water equally 
distributed over the 
whole area. 

There are 12 
tuyeres, each housed 
ina bronze jumbo” 
cooler, which are in 
turn fitted into cast- 
iron coolers, the 
whole being securely 
held by a continuous 


hese materials re- cast-steel spectacle 
juired necessitates General view of the Derwent plant, showing the new No. 2 furnace. belt. A row of flat 
pecial consideration plate coolers are 


o their mechanical handling, while the conversion, clean- 
ng, and utilisation of the gas produced also has an im- 
ortant influence on the economical operation of the 
last furnace. 

With these objects in view, the No. 2 furnace at the 
Yerwent Works, Workington, has been built on new lines 
f modern design and of considerably increased capacity, 
hich make it one of the largest furnace units built or 
ow being built in this country. 

It is designed and built for a continuous output of 400 
ms per day when operating on Cumberland hematite ores, 
sing Cumberland coke and producing low sulphur and 
hosphorus iron and other special irons as made by The 
‘nited Steel Companies, Ltd., but the furnace, together 

‘ith its accessories is capable of a continuous output of 
~ 0 tons per day when producing ordinary irons. 


arranged between and below the tuyeres, while a 1ow 
of circular coolers are inserted above the tuyeres at 
bottom of bosh. 


Handling and Charging Raw Materials. 

To ensure the working of this furnace to its full capacity 
on the most economic lines, storage bunkers of large capacity 
for ore, coke, and limestone have been built in a line 
parallel with the furnace plant. A scale car handles the 
material from the bunkers to the hoist, and a double skip 
inclined hoist conveys the material to the mechanical 
charging apparatus on the furnace top. The whole of this 
handling of material from the bunkers to the hoist is 
carried out by one man in charge of the scale car; the 
remaining operations of hoisting, charging, and distribution 
being automatically controlled. Thus the complete 
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handling of the material from the bunkers into the furnace 
is at the cost of a single operator. 
Bunkers. 

These are twelve in number, two being set. apart for 
coke, the remaining ten being for the storage of ore and 
limestone with a total capacity of 5,000 tons. The ore and 
limestone bunkers are each fitted with four discharge 


of Ore Bunkers 
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hopper has received its predetermined load it descends and 
automatically stops the feeder and grizley, which remain 
stationary until the scale-car operator, by means of a small 
lever, opens the discharge door, allowing the coke to descend 
by gravity down chutes directly into the charging skips. 
The empty weighing hopper ascends, and the cycle of 
operations is repeated. 
| The two coke hoppers being separate 
Ri units permit of two grades of coke 
| | being stocked and either grade being 
used, or if desired they can be mixed 
J ie in any desired ratio. 


Scale Car. 


A tunnel running the full length of 
bunkers and over the skip pit of the 
hoist accommodates the electrically 
driven seale car running on standard 
gauge track. This car is a combined 

: unit, having mounted on it a self-con- 
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doors of the double-lip type, which are operated directly 
rom the scale car. 

The two coke bunkers each having a capacity of 200 
tons are situated close to the inclined skip hoist; each 
bunker has one central discharge door with apron feeder 
attached, which conveys the coke to a roller type grizley, 
rejecting the fines and delivering the rough coke into a 
central weighing hopper. The weight and number of 
weighings are automatically recorded. 


A view of the new blast-furnace, 


These operations of screening and weighing the coke are 
automatically controlled ; as the empty weighing hopper 
ascends on being discharged, the grizley and apron feeder 
are automatically set in motion, and when the weighing 


General arrangement, showing the disposition of the bunkers and handling and charging 


equipment, as well as casting facilities. 


tained air-compressor plant in duplicate ; compressed -air 
operated apparatus for lifting bunker doors and a 5-ton 


capacity weighing hopper with dial - reading weight 
indicator and automatic tape-printing recorder which 
registers all weighings. 

The discharge door on the hopper and the brakes are 
quick-acting, being operated by compressed air. All 
controls are centralised to facilitate quick working. 


Skip Hoist. 


The hoist structure is of steel construction, substantially 

based, and supported entirely independently of the furnace 
itself. It carries a double track for the skips, together with 
all tipping apparatus. The height from the ground level 
to the furnace top is 82 ft. 6 in., and the overall height above 
ground level is 144 ft. The height of the hoist and tipping 
position has been so arranged that the height of the furnace 
may be increased, if considered desirable, at some future 
date. 
The hoist machinery is of the double-geared type, having 
all-steel machine-cut gears, all bearings arranged for con- 
tinuous automatic lubrication, the drive being by an 
electric motor through a flexible coupling. The bedplate 
is extended, and carries a spare motor ; special change-over 
switch gear is provided, so that either motor may be put 
into commission at a moment’s notice to allow maintenanc¢ 
and repair work to be done on the motors without stopping 
the continuous operation of the furnace. 

The machinery, together with the small bell winch, larg: 
bell winch, the operating gear for change-level measuring 
rods, the continuous charge-level indicator, automati: 
control, and interlocking switch gear are accommodate 
in a specially built house at ground level. 


Mechanical Charging Gear. 

The handling of the material from the skip into th: 
furnace is done entirely by mechanical means. The skip: 
deliver their load down a chute, which terminates at the 
distributor, the construction and operation of which is 
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similar to the well-known McKee type. The small bell, 
which revolves with the distributor, deposits each skip 
load, consisting of 4 to 5 tons of ore or 2 to 2.5 tons of coke, 
on to the large bell, which only operates once for two skip 
loads delivered. A gas-sealing apparatus completely seals 
the furnace top, so as to obviate wastage of gas during the 
operations entailed in charging the furnace. 


Control Station and Control. 
At one end of the tunnel under the bunkers the track is 
bridged over the skip pit of the hoist and at this position 
is placed the control station. This contains the controls 


Scale car of 160 cu. ft. capacity, showing compressors and 
operating mechanism for hopper doors, 


to set into operation the hoisting and charging apparatus’ 
which, after the material has been weighed and recorded, 
completes the handling of the material into the furnace 

This “station,” set exactly in line with the stopping 
position of the scale car, and within reach of the scale-car 
operator, contains the following apparatus: Push-button 
controller, which sets into operation the hoisting, dis- 
tributing, and charging apparatus ; electrical indicator, 
showing the movement of the distributor; charge-level 
indicator, showing the position of the stock in the furnace ; 
and an independent controller to distributor. The position 
of all controls and indicators are centralised. 


Electric drive for skip hoist. 


Routine of Operation. 
The scale-car operator, on completion of each journey 
to the bunkers for material, beings the car to the control 
station, and by the use of the compressed-air operated door 
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on the bottom of the hopper, drops the charge down one 
of the chutes which terminate in the hoist skips; at the 
same time, the level of the stock in the furnace is to be 
seen from the position shown by the charge-level indicator. 

The final manual operation consists in pressing a button 
in the control station, which starts the following move- 
ments all in set sequence and under complete automatic 
control: If the right-hand skip has been loaded, the right- 
hand button is pressed and the skip proceeds on its journey 
up the hoist ; the auxiliary bell opens, allowing the pre- 
viously deposited charge to fall on to the main bell; the 
auxiliary bell closes, after which the skip reaches the top of 
the hoist and tips its load down a chute into the distributor. 
At a fixed time after the skip has delivered its charge, the 
distributor rotates to the set angle and stops. The left 
hand by this time has arrived at the bottom of the hoist 
ready to be loaded with ore from the scale car or coke 
direct from the weighing hopper at the coke bunkers. The 
Jeft-hand skip having been loaded, the left-hand button 
is pressed and as this skip proceeds on its journey the 
auxiliary bell again opens and the second skip load is 
deposited on to the main bell; the auxiliary bell closes, 
and the charge-level measuring rods are withdrawn, after 
which the ascending loaded skip arrives at its destination 
and tips its load into the distributor ; the charge having 
had a few seconds to reach its destination, the distributor 
again rotates to the set angle and the main bell opens, 
deposits its charge into the furnace, and closes ; the charge 
measuring rods re-enter as soon as the main bell closes. 
The cycle of operations is now complete, and is repeated 
each time the right-hand skip is loaded and the right-hand 
button pressed, followed by the left-hand skip loaded and 
left-hand button pressed. 


Special Features. 


In addition to the main features already described, this 
plant contains other special features which are in advance 
of previous practice in this country. 

The scale car, in addition to its incorporation of power 
operation to all parts, has special features in the details of 
the controls to these parts. Also the compressed-air 
operation to the hopper discharge door, and the special 
means by which leakage of fine material is prevented, and 
the consequent avoidance of extia labour for cleaning the 
track. 

The consumption of all materials charged into the furnace 
is automatically weighed and recorded. 

The centralisation of all controls and indicators increases 
the rate of operation. 

The automatic charge level recorded provides the 
management with a continuous record of the working of the 
furnace. 

The means by which the whole of the charging gear over 
the main bell, consisting of chute, distributor, auxiliary 
bell, and gas seal can, as one unit and without any dis- 
mantling, be travelled back, allowing immediate and full 
access for direct lifting out of the main bell and lip-ring 
for replacement. 

Casting Arrangements. 


As will be seen from the illustration, there are three 
parallel roads accommodating the slag and metal ladles, 
while the runners to the ladles and to the casting bed are 
carried on a bridge over these roads, A gantry 80 ft. span, 
carrying a 10-ton overhead electric travelling crane extends 
the full length of the casting bed and pig-iron stocking 
ground, The pig-breaker is also served by this crane. 


Engineers are gradually making fuller use of bright steel 
sections which are finished to shape and ready for cutting up. 
The Exors. of James Milis, Ltd., have recently added 68 
new shapes, making a total of nearly 700 special shapes 
now available in the finished state from this company. Consider 
the possibilities of using these sections, and get the full 
range from the Bredbury Steel Works and Rolling Mills, 
near Stockport. 
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CORROSION IN OIL-CRACKING 
EQUIPMENT. 


HE problems of corrosion encountered in practically 

all oil-refining apparatus, particularly in oil- 

cracking installations, have involved considerable 
experimental work with the object of determining the 
cause of corrosion and the most suitable materials to use. 
The subject is discussed by Messrs. Jacque C. Morrell and 
Gustav Egloff.* who state that hydrogen sulphide is the 
chief, if not the sole, cause of corrosion in these operations ; 
hence corrosion in cracking units is more destructive than 
in ordinary refinery equipment because of the increased 
formation of hydrogen sulphide from the decomposition of 
sulphide compounds present in the oil. 

The extent of corrosion is not a direct function of the 
sulphur content of the oil undergoing cracking, but rather 
of the type of sulphur compounds, since sulphur compounds 
such as mercaptans, sulphides, disulphides, etc., undergo 
decomposition to form hydrogen sulphide to a greater extent 
under cracking conditions than thiophenes and similar com- 
pounds. The hydrogen sulphide content of gases from the 
cracking of high-sulphur oils may be 15°, or higher. 

Apart from the danger to life and health by rupture of 
corroded elements of the unit and economic losses by 
replacement, the capacity and petrol yield of the plant are 
materially lowered, owing to the necessity of reducing 
operating pressures of the cracking system. The use of 
chemicals, principally of an alkaline character, such as 
sodium hydroxide, lime, soda ash, and ammonia, has not 
proved entirely satisfactory. Plating with metals, such as 
chromium, is expensive and has proved unsatisfactory, 
as have also sprayed metallic coatings. Although it is 
certain that the use of corrosion-resistant ‘alloys, such as 
chrome-nickel steel, for the entire vessel would be successful, 
this method of protection is too expensive for general 
adoption. Ordinary sceel linings applied in the field have 
given considerable trouble, in most cases because of buckling 
and loosening. 

The authors discussed two types of cement linings for 
protecting vessels internally heated by hot oil and vapours, 
which are referred to as ganister and non-metallic. The 
ganister lining is made from Portland cement mixed with 
crushed firebrick or quartz sand. The non-metallic lining 
is composed of mixtures of furnace cement, quartz sand, 
and asbestos with sodium silicate binder. Various forms 
of metallic linings have also been proposed and tried, but 
until recently all lacked some essential properties. 

The modern type of liner as applied to oil-refining 
equipment is of chromium steel or chromium-nickel steel. 
Chromium steel of the type used, which contains about 
18°, chromium, has a coefficient of expansion of 0-Q0000666 
as compared with 0-00000760 in carbon steel of the type 
generally preferred for pressure-cracking vessels. Although 
the 18-8 chromium-nickel steel has been used successfully, 
the chromium-steel is preferred because of its lower cost 
and the closer proximity of its coefficient of expansion to 
that of the carbon steel. 

Calculations based on the physical properties of the 
materials at elevated temperatures (2) indicate that the 
stresses produced under the severe conditions encountered 
in cracking operations by a chrome-nickel (18-8) liner of 
seven sixty-fourths inch thickness in a vessel having low- 
carbon steel walls 2in. in thickness, are below 1,200 lb. 
per sq. in. This stress is even less when chrome-steel 
sheets are used. The additional strength afforded the 
vessel by virtue of the additional wall thickness provided 
by the liner more than offsets this increased stress in the 
walls of the vessel. 

The alloy sheet linings, which are usually of 12 gauge, 
are applied to the steel plate before the vessel is fabricated, 
and in fact before the plates are formed or rolled to the 
finished shape. The two metals are held together under 
several tons pressure during the welding process, so that 
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positive contact is maintained between the steel and liner 
both during and after welding. After the alloy sheets 
have been applied to the steel plates, both are rolled to 
shape, and the vessel is welded. In this way the sheets 
used to line the vessel do not cover any of the welded 
joints of the vessel, leaving them unobstructed for periodic 
inspection. 

Vessels constructed in this way have been in service 
as long as two years, and at the last inspection showed no 
visible signs of corrosion, whereas steel vessels produced 
by the same process and under the same cracking con- 
ditions as the lined vessels have lost, over a four-year period, 
from 0-5 to 0-75 in. of metal, or on an average about 
0-18 in. per year. 

The specific method of protection adopted to reaction 
chamber will depend upon the charging stock, cracking 
conditions, through-put, and yields. In many cases extra 
wall thickness will satisfy the requirements, in others an 
alloy lining may be used, while in other installations in the 
field a cement lining is recommended. 

In regard to the rate of corrosion in the various sections 
of a bank of mild steel tubes, it is not possible to generalise 
from data available. It has been found that maximum 
corrosion may take place in the bank of tubes at the 
point of maximum temperature in the tube bank ; 
between the lowest and highest temperature ; and at the 
lowest temperature. In order to correct a high degree of 
tube corrosion, some refiners use alloy tubes of 18-8 
ehromium-nickel steel, which is highly resistant to corrosion. 
Other refiners do not believe that these expensive tubes 
warrant the cost compared to the use of mild steel tubes 
of greater wall thickness where the corrosion is greatest 
in the tube bank. 

Some of the specific parts of the cracking unit in which 
alloy steels are frequently used are furnace tubes and tube 
supports, furnace header plugs, return bends, furnace 
emergency dampers, reaction-chamber liners, dephlegmator 
liners, pumps, trim for cast and forged steel valves, stud 
bolts, and gaskets for high-temperature pressure service. 
Alloy steels for these purposes contain varying percentages 
of chromium, usually with nickel, and at times tungsten, 
copper, or silicon. In fact, alloy steels may be used for 
corrosion protection in practically all parts of the cracking 
unit when the economies warrant it. 


Standardisation and the Ottawa 


Conference. 

The question of Industrial Standardisation will again 
come before the Imperial Conference when it meets in 
Ottawa at the end of this month, and Mr. C. le Maistre, 
C.B.E., Director of the British Standards Institution has 
been appointed Adviser to the United Kingdom Delegation 
on British Standards. 

At the last two Imperial Conferences, great importance 
was attached to the development of Inter-Empire stan- 
dlardisation, and to the preparation of National industrial 
specifications by the National standardising bodies in each 
of the constituent parts of the British Commonwealth of 
Nations. In order to fulfil the recommendation of the last 
Imperial Conference, the British Engineering Standards 
Association quite recently widened its scope, and has now 
become known as the British Standards Institution. 

Since last November, Mr. le Maistre has been touring 
the Dominions in connection with the development of this 
work, and there can be little doubt that the decisions taken 
at Ottawa are likely to lead to very substantial benefits to 
industrv. 

The British Aluminium Co., Ltd., Adelaide House, King 
William Street, London, E.C.4, have recently issued an 
interesting brochure dealing with “‘ Aluminium in the Rubber 
Industry.” In the collection of latex, its transport and the 
final coagulation, the use of aluminium has long been recognised, 
and the many special factors which have made aluminium so 
desirable apply to the manufacture of the finished rubber 
goods. 


> 
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Annual Meeting of American Society 
for Testing Materials 


The problems discussed at this meeting covered a very wide range, and some 
contributions of outstanding interest in the ferrous and non-ferrous fields are 
briefly considered. 


ferrous and non-ferrous fields were presented at 

the recent annual meeting of the American 
Society for Testing Materials. Not the least informative of 
these was a symposium on sieel castings, which embraced 
ten papers covering many important phases of the industry. 
The importance of careful design was emphasised by F. A. 
Lorenz, Jr. Steel castings, he said, lend themselves with 
great facility to the varied necessities of design. The wide 
range of their application in industry indicates the de- 
pendence placed upon them. This range grows greater as 
the designer and the foundryman reach a better under- 
standing of their related problems, and as the objectives of 
the one are conditioned to meet the facilities and technique 
of the other. 


M ic contributions of outstanding interest in the 


Alloy Steel Castings. 

THE use of alloy steels for castings was considered by 
three papers, which involved medium pearlitic steels, 
corrosion-resistant steels, and austenitic manganese steels. 
Consistent values can be obtained in the regular production 
of pearlitic steels. With a manganese content above 
1-50°%, steels should be given special treatments to avoid 
temper brittleness. Steels can have good physical pro- 
perties while being deficient in shock resistance, which 
apparently is a function of grain refinement. Special heat- 
treatment or the addition of another element may provide 
good impact values. The data given in this paper by 
Fred Grotts show the physical properties obtainable from 
a great many varieties of medium pearlitic steels admirably 
adapted for castings. 

More reliable data are needed in the use of the corrosion- 
resistant steels for castings, but those available are pre- 
sented in an informative manner by Jerome Strauss in 
his paper on the subject. In dealing with the subject of 
austenitic manganese steel, John Howe Hall gives a brief 
historical survey, and then deals with the composition of 
the alloy, drawing a distinction between the pearlitic or 
sorbitic steels containing manganese developed during 
comparatively recent years. The manufacture of castings 
and their heat-treatment are discussed. Considerable 
attention is given to the physical properties of these steels, 
and it is of interest to note that the author includes infor- 
mation on welding, and states that the newly developed 
nickel-manganese steel welding rods are being successfully 
used for steel castings worn in service. Throughout the two 
sessions allocated to the subjects discussed in this field, the 
economic co-operation between consumer and producer in 
specification was emphasised. It was considered that much 
progress in this and in more careful design was essential. 


The Testing of Rope Wire. 
THE testing of wire and rope in relation to useful service 
is by no means simple, as is indicated by extensive work 
carried out by a number of investigators. Opinions, how 
ever, vary as to the interpretation of results which, together 
with the absence of tests embracing the fatigue properties of 
wire have led to the development of test methods and 
investigations, the results of which were presented by 
A. V. de Forest and L. W. Hopkins. They assert that wire 
rope is probably subject to more abuse and less discrimina- 
tion in the field than any other mechanism. For this reason, 
accurate prediction of rope life on the basis of laboratory 
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tests is often disappointing. The level of rope performance 
is raised by using better component materials, and this can 
be best effected by suitable test methods for quality. The 
paper describes a few methods applied to wire and wire 
rope, and shows the value of the resultant data. It is a 
common but condemned practice to equalise the length of 
parallel elevator hoist ropes by twisting or untwisting the 
ropes during installation. Those responsible for their 
installation are then frequently surprised when one or two 
ropes are in much better condition than the remainder when 
removed. The application of external torsional stress is 
often a contributing factor. 


Correlating some Mechanical and Magnetic 
Properties of Steel. 
THE lack of fundamental knowledge of the relationships 
between the magnetic and mechanical properties of 
steel constitutes a serious handicap in the development of 
practical testing methods. In some experiments carried 
out on hardened steel difficulties were experienced by the 
many variables, and in making satisfactory mechanical 
tests. In a recent investigation by J. V. Emmons and 
R. L. Sanford, an effort was made to minimise these diffi- 
culties by choosing a simple carbon tool steel as the material, 
and by adopting a method of mechanical test especially 
suited to the testing of hardened material. In this way it was 
hoped to ascertain the fundamental relationship between the 
magnetic and mechanical properties of hardened tool steel. 

The composition of the material chosen was 1-21% C, 
0-17 Mn, 0-011 P, 0-14 Si, and 0-008 S. The mechanical 
tests were made with a torsion-testing apparatus previously 
described by J. V. Emmons.! With this apparatus, obser- 
vations of torque and angular deformations were made 
from which values of ultimate torque and factors repre- 
senting plasticity and toughness can be deduced. Hardness 
determinations were made by the Rockwell method. For 
the magnetic tests, a special magnetic comparator, similar 
in principle to the apparatus described by M. F. Fischer,* 
was constructed. 

In this investigation, six materially different physical 
properties have been measured, three of which were 
mechanical and three magnetic. An outstanding conclusion 
drawn from the results is that each property has its own 
individuality, which is distinct from that of the other 
properties. Relationships between the several properties 
are not always obvious, and when they do appear to exist, 
it may be for only a limited range of heat-treatments. This 
behaviour indicates that the changes taking place in the 
constitution of the steel during the heat-treatments 
employed are very complex in their nature. 

An attempt was made to discover what relationships 
might exist between any of the observed magnetic charac- 
teristics and any of the mechanical properties without 
regard to the heat-treatment by which the properties were 
developed. This was done by plotting the values obtained 
in the mechanical tests against the corresponding values 
obtained in the magnetic tests, but no definite relationships 
were discovered in this way. Certain trends were found, 
particularly in the relationship between hardness and 


1 J. V. Emmons, “ Some Physical Properties of Hardened Tool Steel,” Proceedings 
Am. Soc. Testing Mats., vol. 31, Part Il., p. 47 (1931). 

2 M. F. Fischer, “ Apparatus for the Determination of the Magnetic Properties o! 
Short Bars,” Bureau of Standards Scientific Paper No, 458, vol. 18, p. 513 (1922). 
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coercive force. The data, however, do not furnish any 
practical basis for the prediction of the mechanical pro- 
perties of a given specimen solely from a knowledge of its 
magnetic characteristics, because the plotted points are 
too irregular. This apparently cannot be properly 
attributed to experimental error, since close agreement 
was found between the results for all specimens given the 
same treatment. 

The maxima in the curves of mechanical properties have 
no counterpart in any of the curves of magnetic properties. 
Furthermore, for tempering temperatures of 260° C. and 
above, there is practically no differentiation in terms of 
magnetic characteristics, although there is considerable 
variation in all of the observed mechanical characteristics. 
On the other hand, the pronounced variations in magnetic 
properties in the range of tempering temperatures between 
150° and 260°C. have no counterpart in the curves of 
mechanical characteristics. 

Although the establishment of relationships by means of 
which mechanical properties could be estimated in terms 
of data on the magnetic properties is greatly to be desired, 
the lack of such relationships should not be interpreted to 
mean that the methods of magnetic analysis have no 
practical value. Erratic hardening of the first lot of 
specimens, due to the quenching speed being too slow, was 
promptly discovered by variations in the magnetic pro- 
perties, and the nature of the difficulty was afterwards 
confirmed by the resuits of mechanical and microscopic 
tests. Such resulis clearly demonstrate the value of 
magnetic analysis for controlling uniformity of product. 
For materials of the same composition and subjected to a 
treatment known to yield the desired results under normal 
conditions, variations in magnetic properties exceeding a 
certain experimentally determined tolerance.can surely be 
taken to indicate unsatisfactory mechanical quality. <A 
very valuable inspection method capable of application at 
each stage in the process of manufacture is thus afforded. 
It is only necessary to determine the most convenient 
magnetic criterion and to design apparatus adapted to the 
size and shape of the article to be tested. This should be 
done with a full knowledge of the limitations of the method, 
as it appears possible that quite appreciable variations in 
certain regions of tempering temperatures might not be 
detected by the magnetic tests. Several such applications 
are in successful operation at the present time. 

Magnetic analysis bids fair to be even more valuable as a 
tool in the hands of the investigator in the field of metal- 
lurgical research. The phenomena associated with the 
heat-treatment of steel can be closely followed by means of 
non-destructive magnetic tests. A considerable amount of 
investigation will be necessary in order to establish reliable 
criteria for the interpretation of the results of thermo- 
magnetic analysis, but this method of investigation has 
already been of service in the study of the tempering of 
simple carbon steel and its use could very profitably be 
extended. 

Effect of Zinc Coatings on Endurance 
Properties of Steel. 


INVESTIGATIONS have shown that the character of the 
surface of a metal is an important factor in determining its 
resistance to repeated stresses. The damaging effects of 
surface corrosion and of mechanically produced notches 
have formed the subject of numerous studies on fatigue in 
metals. Metallic coatings are frequently used on iron and 
steel to protect them against corrosion, and it is of interest 
to know what effect such metallic coatings may have upon 
the endurance limit of metals when damage by corrosion is 
not involved. Such an investigation, restricted to a study of 
the effect of hot-dipped, gaivanised and electroplated zinc 
coatings on the endurance properties of low-carbon, open- 
hearth iron and two carbon steels has been carried out by 
W. H. Swanger and R. D. France. 

The effect of the surface alterations resulting from the 
application and presence of hot-dipped galvanised and 
electroplated zinc coatings, on the endurance properties of 
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open-hearth iron and 0-45% and 0-72% carbon steel was 
determined by fatigue tests made with R. R. Moore 
rotating beam and Haigh axial loading machines. Rotating 
beam tests were made on polished, but uncoated, specimens, 
specimens coated by the hot-dip galvanising process, zinc- 
plated specimens, and on specimens acid-pickled as for 
galvanising. Axial loading tests were made on uncoated 
and galvanised specimens only. 

The open-hearth iron was tested in the “ as-rolled ” 
condition. The two carbon steels were tested in the 
normalised and annealed condition, in the quenched 
condition, and in the tempered condition, except that axial 
loading tests were not made on quenched specimens. 

The results of the fatigue tests are given in conventional 
S-N diagrams, and are summarised in a table together with 
the results of tensile strength and hardness determinations. 
Micrographs showing the structures of the heat-treated 
steels and of the two types of coatings are given. The 
endurance ratios (endurance limit to tensile strength) by 
the rotating-beam method of test of the uncoated specimens 
varied from 0-38 to 0-70: by the axial loading method, 
from 0-31 to 0-59. 

The decrease in endurance limit from that of the polished 
uncoated materials caused by the acid pickling was more 
marked in the quenched steels than in the annealed and 
the tempered steels. The decrease varied from 0 to 40%. 
A still greater decrease, as much as 42-5°%, was caused by 
the presence of the hot-dipped galvanised coatings. The 
quenched and the tempered steels were affected more 
adversely than the annealed steels. The endurance limits 
of the zine-electroplated specimens were equal to or greater 
than those of the uncoated specimens. 

The difference in the effects of the two types of coating 
is believed to be caused by the differences in the nature of 
the bond between zine and the steel, and the structure and 
hardness of the two coatings. 


Thermal Effects in Elastic and Plastic 
Deformation, 

Ir has long been known that in materials loaded below the 
elastic limit application of compression stress causes a 
rise, and of tensile stress a decrease, in temperature, but it 
has not been generally realised that these temperature 
changes also involved an elastic after-effect, which took 
the form of a gradual creep in length as these temperature 
differentials become equalised. This is indicated in a 
study of the influence of various temperature effects on 
elastic and plastic behaviour of metals presented in a 
paper by M. F. Sayre. 

This study has resulted from an investigation into the 
elastic behaviour of metals with special reference to 
spring materials that has been in progress at Union College, 
Schenectady, N.Y., for several years past. The so-called 
elastic after-effect and also elastic hysteresis are therefore, 
in part at least, due to purely thermal cause independent 
entirely of defects in elastic behaviour in the material itself. 
From the viewpoint of creep or hysteresis studies. it is 
therefore suggested that the thermal creep should be 
estimated and deducted from experimental results before 
attempting to draw any conclusions as to the laws which 
govern the non-thermal component of the creep or 
hysteresis. Numerical estimates of the magnitude of the 
thermal creep are given. From the viewpoint of accurate 
stress-strain measurements, as in the use of elastic devices 
for calibration of testing machines, it is suggested that 
definite time schedules of work be chosen and adhered to 
in order to minimise the effect on accuracy of these two 
types of creep. 

Above the elastic limit stress variations continue to 
cause this first type of temperature change, but there is 
superimposed an increase in temperature resulting from 
the absorption of energy in plastic deformation within the 
material. For small percentages of elongation this tempera- 
ture rise due to plastic flow is not large ; in fact, under most 
conditions, it is less than the temperature rise or fall which 
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would accompany an equal unit elastic elongation. It 
differs, however, markedly in character, in that the elastic 
changes occur uniformly throughout the entire mass of 
the body, while the energy rele:sed in plastic flow is 
momentarily at least concentrated in the immediate 
neighbourhood of the slip planes concerned. Along these 
slip planes temperatures therefore rise for a brief fraction 
of a second to figures probably several thousand times 
higher than the average increase in temperatures which 
ultimately occurs in the entire mass of material. These 
temperatures, in fact, may, and probably do, rise high 
enough to have an important influence on the behaviour 
of the metal. The exact values will be determined in a 
large measure by the speed with which the deformation 
is carried on, and by the surrounding temperature con- 
ditions. It is suggested that unsatisfactory results in the 
past in studies of plastic flow may in part at least have been 
caused by incomplete control of these speed and tempera- 
ture factors in testing. 


Mechanical Properties of White-Metal 
Bearing Alloys. 


THE results of a study on the wear-resistance and other 
mechanical properties of ten white-metal bearing alloys 
were given in a paper by H. K. Herschman and J. L. Basil, 
The study included two tin-base and seven lead-base alloys 
and one cadmium-zine alloy, results of their chemical 
analysis being given in an accompanying table. Each of 
the properties, with the exception of wear, was determined 
at several temperatures, ranging from 20° to 200°C. 
Resistance to wear was determined only at 20° C. 


The investigation indicated that not one of the bearing ‘ 


alloys used excelled in all of the mechanical properties 
which are believed t > indicate suitability of a bearing metal 
for service. Thus, the tin-base bearing alloys showed a 
lower wear-rate at 20°C., and in most cases had higher 
single-blow impact resistance at temperatures between 
20° and 200° C. than the lead-base and the cadmium-zine 
alloys. In most cases the tin-base alloys showed lower 
resistance to pounding at temperatures up to 200° C. than 
the other alloys, the most notable exceptions being the 
lead-antimony alloys containing less than 5% tin. The 
hardness and compressive properties of the tin-base alloys 
were lower than those of the lead-hardened (with metals 
like barium and calcium) and the cadmium-zine alloys. 
The mechanical properties of the lead-antimony-tin alloys 
were, in most cases, higher as the tin content was increased. 

The results indicate that the alkaline metal-hardened 
‘ead and the cadmium-zine alloys had higher hardness, 
‘reater resistance to deformation under pounding, and 
etter compression properties at temperatures up to 200° C, 
han the tin-base and lead-antimony alloys. In regard 
‘oO wear resistance, the results obtained in the service tests 
howed that the tin-base alloys were superior to both the 
ardened lead and lead-antimony-tin alloy containing 
bout 3% tin. These results were consistent with the 
tboratory results on wear. 


\n Automatic Autographic Extensometer. 
. NEWLY developed automatic autographic extensometer 
as described by R. L. Templin. It was designed in response 
'» a demand for an inexpensive, accurate method for 
‘ termining yield strengths of materials in routine tension 
sts. Experience has shown that when carefully pre- 
} wed, straight specimens are tested in tension, using 
- If-aligning grips, measurement of strain on only one side 
‘the specimen is sufficient for determining yield strength. 
iking advantage of this fact, a strain-following device, 
: own in Figs. 1 and 2, was developed. This element of the 
* rain-recording apparatus weighs but 2 0z., and can be 
adily attached to the specimen by merely squeezing the 
‘0 projections A between the thumb and finger, then 
leasing so as to grip the specimen between the self- 
ntring knife edges B. For specimens }in. in width 
diameter, the stop C affords a means of centring the 
)per part of the device. While the point of the bell-crank 
ver D can be used for flat and the larger round specimens, 
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yet this point can be readily replaced with a knife edge 
for small diameter round specimens. 

The part of the apparatus which attaches to the specimen 
can be used on round specimens ranging from about 0-05 in. 
to 0-50 in. in diameter, and on flat specimens } in. wide, 
ranging from about 0-01 in. to 0-50in. in thickness. For 
large tension test specimens having reduced sections 1} in. 
by 8in. by thickness of } in. or greater, it is necessary to 
modified -5 to! Bell Crank Lever 
but similar de- "a 
sign of the device 
just described. 

One turn of the 
lead screw corre- 
sponds to a unit 
deformation in 
the specimen of 
0-002 in. perinch 
For an overall 
magnification 
ratio of 500 to 1, Fig. 1—WSection through strain follower show- 
itis necessary for ing bell crank and contact screw. 
the circumference 
of the drum and attached graph paper to rotate a distance 
of lin. for each revolution of the lead screw (or 
2in. for a multiplication ratio of 1,000 to 1). Assuming 
a total circumference of 10 in. for the drum and chart, 
this distance would correspond to one-fifth revolution 
for the higher ratio. This is provided for by using three 
gears, as shown in Fig. 2. The largest gear E is attached 
to the end of the drum-shaft or hub with a suitable spring . 


Slip Universal Joint 
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Mofor _-- Reversing 
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——— 
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Drum tock 
Fig. 2—Schematic sketch of automatic autographic load-strain recorder. 


loaded collar, so that the drum is driven by friction with 
the gear hub when not restrained by the brake-lock F. 
One or the other of the smaller gears G is meshed with 
the largest E, according to the multiplication ratio desired. 
The rotation of the smaller gears is accurately synchronised 
with the rotation of the lead screw by the use of two Selsyn 
motors 8, and S,, as shown in Fig. 2. Each of these 
motors is mounted by means of suitable adjustable brackets 
on the frame of the testing machine, one near the specimen 
and the other near the recording drum. The shaft of the 
one near the drum S, serves as a shaft for the smaller 
gears meshed with the larger gear on the drum and as a 
convenient place to locate the gear to be used for applying 
the additional power required to operate the apparatus. 
So far, best results have been obtained using a worm-gear 
and pinion having a ratio of about 80 to 1, or more, in 
supplying the additional power. The exact ratio will, of 
course, depend on the speed of the motor used to furnish 
the power, as well as on the ratio of the reversing mechanism. 
A variable-speed motor has been used with success, but 
one of constant speed simplifies the electrical circuit. 

The driven member of the friction-drive unit is made 
to contact with one of the driving discs on the motor-shaft 
when the electromagnet is energised, and with the other 
dise by means of a tension spring when the circuit is broken. 
The control of the electrical circuit is accomplished with 
the part of the mechanism on the specimen, together with 
a sensitive relay or suitable grid-glow and amplifying tubes. 
The motor and electromagnet can be arranged to operate 
on either direct or alternating current, but the Selsyns 
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must operate on alternating current, usually 60 cycle, 
110 volts, single phase. 

In making a test, the procedure is as follows :—Insert the 
specimen in the machine, attach the control unit as pre- 
viously described, swing the Selsyn unit 8, near the 
specimen, and adjust it for proper height so as to be opposite 
the lead screw of the control unit ; connect the motor-shaft 
extension to the lead screw, making sure the screw is 
backed out far enough not to make contact with the bell- 
crank lever; switch on both Selsyns and the auxiliary 
motor ; when the Selsyns cease running positively (when 
lead screw makes contact) release the recording drum and 
start loading the specimen. After passing the yield- 
strength load appreciably, the Selsyns and auxiliary motor 
are switched off, the Selsyn 8, near the specimen is swung 
out of the way and the control unit removed, without 
stopping the testing machine. 

The instrument, it is claimed, provides a means of 
obtaining load-strain curves at strain magnifications 
varying from about 400 to about 16,000. For commercial 
routine tests magnifications of 400 or 800 are used, and 
yield strengths can be obtained with an accuracy com- 
parable to the usual values for ultimate tension strength. 
Although primarily designed for tension tests, the device 
can be used for compression tests without modification. 


Creep Characteristics of Non-Ferrous 
Alloys. 


Mvcu investigatory work has been carried out with the 
object of determining the creep characteristics of many 
_metals and alloys at elevated temperatures. A considerable 
amount of this work has consisted mainly in obtaining 
numerical creep data on many metals and alloys at various 
temperatures, and while information of this type is still 
needed, some attention should be given to the various 
factors which influence the creep or flow of metals and 
alloys at the higher temperatures. During investigations 
regarding creep characteristics of a number of selected 
non-ferrous alloys data were obtained bearing upon the 
effects of recrystallisation temperature and grain size, 
and C. L. Clark and A. E. White* presented a paper 
showing the influence of these two factors. 

Long time-creep tests were conducted on the copper- 
zine and copper-zine-tin at temperatures both above and 
below their lowest recrystallisation temperature. Certain 
of the materials investigated were of identical composition, 
but varied in grain size. In the copper-zine alloys the 
amount of copper varied from 85-00 to 60-21%, while in 
the copper-zinc-tin series the amount of this element varied 
from 77°26 to 58-79%,. All the materials except two were 
examined in the hot-rolled condition, the two exceptions 
being a 70-30 brass and a 70-29-1 Admiralty metal, both 
of which were given a final cold draw of jin. on a final 
diameter of } in. 

The results presented indicate the creep characteristics 
to be greatly irifluenced by the recrystallisation tempera- 
ture and by the grain size. It is shown that not only is 
there a sharp decrease in a metal’s ability to resist creep 
as the recrystallisation temperature is passed, but also 
there is a change in the nature of the creep characteristics. 
At temperatures below this temperature metals are able to 
resist stresses of appreciable magnitude without measurable 
continuous creep, while at temperatures above appreciable 
continuous creep occurs under the stresses used, with a 
probability that continuous creep would occur at any stress. 

Grain size and recrystallisation temperature have been 
found to be so related that at temperatures below the lowest 
recrystallisation temperature fine-grained materials offer 
the greater creep resistance, while at temperatures above 
the coarse-grained material is superior. These findings 
support the hypotheses previously advanced by the 
authors* regarding the effect of grain size on a metal’s 
high-temperature stability. 


* ©. L. Clark and A. B. White, “ The Stability of Metals at Elevated Temperatures,’ 
Engineering Research Bulletin, No. 11, Department of Engineering Research, University 
of Michigan, November, 1928, p. 68. 
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Molybdenum.* 
PurE molybdenum is a silvery white malleable metal, 
softer than steel and capable of being filed and polished ; 
its specific gravity is about 10, or not quite as heavy as 
that of lead. The metal may be produced in several ways, 
and its properties vary accordingly. If prepared by the 
reduction of molybdenum oxides with hydrogen it is a 
grey metallic powder, which may be compressed under 
heat and pressure into brittle bars. If the oxide is reduced 
with carbon an impure grey powder results, of which the 
specific gravity is about 8-75, due to the presence of carbon. 
In this form it is harder than quartz. Molybdenum is also 
manufactured by a chemical process, which gives a dark- 
blue, metallic, crystalline powder. 

The melting point of pure molybdenum—about 2,500°—is 
higher even than that of platinum. Among the metals, only 
osmium, tantalum, rhenium, and tungsten melt at higher 
temperatures. Electrically molybdenum is a good con- 
ductor, and it is stronger and harder than copper. It is 
softer and more easily worked than tungsten. Alloyed with 
steel it acts much like tungsten, but is more potent. It 
likewise is very similar to chromium in the properties it 
imparts to steel, but much smaller quantities are required 
to produce the desired result. 

Molybdenum is consumed principally in the steel industry. 
Smaller quantities, in the form of wire and sheet, are used 
as supporting filaments in incandescent lamps and radio 
tubes; and an additional quantity, in the form of oxide, 
is absorbed by the chemical industry. 

Alloy steels containing molybdenum are used in many 
fields ; they are employed extensively in aircraft and in 
automobiles. All nitriding steels contain molybdenum, 
and in high-speed steels molybdenum may be substituted 
for tungsten. It is a valuable addition to rustless, heat 
resisting, and acid-resistant steels, and to grey-iron castings 
and steel castings: it enters into alloy-steel guns and 
armour plate, saw steels, die steel, razor blades, and 
countless other products. 

Australia, Norway, and the United States have produced 
most of the world’s supply of molybdenum, and, except 
during the war, these countries have been practically the 
only producers. During the war period several Eurpoean 
and Asiatic countries entered the field ; but in recent years 
the United States probably has produced 85% of the 
entire output of the world, and most of the remainder 
has come from Norway. 


The Binary System Iron-Zirconium. 
THE complete constitutional diagram of the system iron 
zirconium is given by R. Vogel and W. Tonn.t It has 
been worked out with the aid of thermal analysis an:! 
microscopical examination. Electrolytic iron of the 
highest purity and very pure zirconium metal were usec! 
as raw materials. The two metals form a chemical com- 
pound of the formula Fe,Zr, (52-2°% Zr), which melts a: 
1,640° C. Further, two eutectic mixtures exist, an iron- 
rich one containing 16°, Zr, which melts at 1,330° C., and \ 
zirconium-rich one which contains about 88% Zr, and melts 
at 1,350° C. The solubility of zirconium in the 3-iron is 7°% . 
The 8-y transformation point represents a “secon! 
melting point ’’—that is, at this point a partial re-meltin : 
of the wholly solidified alloys (up to 7% Zr), or an increas» 
in melt of the alloys containing from 7 to 16% Zr occur:. 
Thereby, the solubility of zirconium in the y-iron drops t >) 
0-7%, and is further decreased at 830°C. by the decon - 
position of the y mixed crystal. Zirconium shows a tran: - 
formation point at 862° C. which is raised to 1,000° C, wit 1 
increasing iron content (up to 5% Fe). At the solidificatic 1 
temperature the solubility of iron in zirconium is about 
5%, and, because of the transformation of zirconium, 3 
increased to about 10° at 1,000° C. 


© Extract from the Rureau of Mines Economic Paper 15, “ Molybdenum,” by Alice 
Peter, which may be purchased from the Superintendent of Documents, Govern™ 
Printing Office, Washington, D.C., price 10 cents. 
t Archiv fur das Eisenhuttenwesen, January, 1932, 
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ORROSION is a vital weakness to the plant used in 
many industries; it creates difficulties in various 
mechanical operations, and involves so much loss 

of time and material that research is continually in progress 
in order to discover and develop methods for reducing its 
effects. Probably in no industries are these difficulties 
experienced to a greater extent than in the engineering 
and chemical industries, and the value of a successful 
remedy or the discovery of an alloy possessing suitable 
mechanical properties with exceptional resistance to attack 
from various corrosive media would be incalculable. It is 
generally appreciated that one of the most prevalent of 
corrosion troubles arises from the use of sulphuric acid, 
which now occurs frequently in industrial and chemical 
processes. Not only is the efficiency of the plant reduced 
under such conditions, but the corrosive action on the metal 
parts contaminates the products and leads to further 
troubles. It is thus of vital importance that no effort should 
be spared to develop alloys that fulfil desired specifications 
in regard to mechanical properties and possess special 
powers of resistance to corrosive attack. Many such alloys 
have been discovered which possess these characteristics 
to a considerable degree—for example, stainless iron and 
steel, the 80-20 copper-nickel alloy, Monel metal, aluminium 
bronze, various light alloys, etc., each of which are anti- 
corrosive in the presence of certain corrosive media. A 
recent addition to these anti-corrosive alloys is a copper- 
base alloy known as Tungum. This alloy has been developed 
as a result of considerable experimental work and exhaus- 
tive tests. It offers remarkable resistance to the effect of 
various corrosive media, particularly to acid corrosion, as 
will be seen from the results in Table I., which show average 
loss in grammes per square inch from specimens immersed 
in various acids at 100°C. 


PHYSICAL PROPERTIES. 


Wolght por COR. 0-3 Ib, 
( 3000 kilog. load 112 
Brinell hardness cast specimen 2000 97 
Linear coefficient of expansion .............000ee005 0-000019 per °C. 
Bectrical resistivity 17-75 microhms /cem. 
Electrical conductivity ..........00-seeecessssceees 13-4% that of copper 
TABLE L 
First Second Third 
Period. Period. Period. 
Condition. Acid. 40 hours. 70 hours, 110 hours, 
Polished BOM 0-00303 oe 0-00769 es 0 -00600 
10% CH,COOH ....... 6-00072 0-00072 0-00072 
Os 0-00110 .... 0-00210 ws 0-00210 
10% CH,COOH ....... 0-0053 0-00089 0-00076 
tolled 10% ees 0-00382 0-00642 ee 0 -00550 
10% CH,COOH ....... 0-00063 0-00073 0 -00070 


All acids stained during first 40 hours. 


‘nly HCl. and CH,COOH stained by the metal during the second period of 70 hours. 


Some indication of the resistance of this alloy to attack 
rom various media, in comparison with other anti-corrosive 
loys, is of interest, and results of tests are given in Table IT. 
"he period of these tests was 300 hours, and the figures 
show losses in grammes per sq. cm. It will be noted that 
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Properties and Some Applications 
of Tungum Alloy 


A recent addition to the anti-corrosive alloys, Tungum offers remarkable 
resistance to acid corrosion. It possesses high mechanical properties and 
can be used with advantage in parts subjected to reversal of stress. 


the comparison shows this alloy to advantage. The 
resistance it offers to sea-water corrosion is of special 
interest ; this result is supported by an Air Ministry report 
which refers to the result of a four-months’ spray test on 


TABLE IT. 
COMPARATIVE CORROSION TESTS, 


Other Proprietary Anti- 


Tungum. Corrosive Alloys. 
Corrosive Media. 80/20 
Cu. Ni. 
Alloy. Bronze. A. B. C. 
Potassium nitrate, 10%.. Nil 0-00013 | 0-00014 | 0-00019 | 0-00062] Trace 
Sulphurie acid, 10%....| 0-00046 | 0-0304 00-0095 0-000636] 0-0126 | 0-0072 
Sulphuric acid, 10%....] 0-000758] 0-0174 0-0024 0-00081 | 0.0037 | 0-0026 
Sea water ........ Nil 0-000172 0-0024 | 0.00053 


Acetic acid .... .| 00038236) 0-0061 0-0095 06-0013 | 0-0110 
Tartaric acid (strc .| 0-00014 | 0-0018 0-0059 0-00918 | 0.0052 | 0.0064 
Taunic acid (strong) ....} 0-00009 | 0-0068 0-0017 0-00014 | 0-0034 | 0.0041 
Citric acid (strong) ..... 0-00025 | 0-0026 0-0062 00-0125 0-0066 | 0.0076 
Phosphoric acid, 5% ....| 0000148] 0-00275 

Vinegar (full stfength) 0-000285! 0-00495 
Hydrochloric acid (Conc.) 0 -000357| 0-14 
Ferrous sulphate, 10°, ) 
Sulphuric acid, 10%} 


0-0026 
00037 | 0-0087 | 0.0083 
0-00306 0-00325 — 


= 


Tungum alloy, at the end of which time the metal was 
coated with a salt deposit, but otherwise quite unaffected. 
In the presence of sea-water the alloy is electro-negative to 
zinc, iron, steel, lead, tin, and antimony. 

In addition to its high corrosion-resistant qualities, the 
mechanical properties of Tungum alloy are of a high order, 
and comparable with those of mild steel. It stands up to a 
reversal of stress to a marked degree, and can be used 
with advantage where such strains tend to cause rapid 
fracture. The alloy may be cast, forged, rolled, or extruded, 
and results of tests on specimens in various conditions gave 
tensile strengths and elongation as shown in Table III. 


TABLE II, 
MECHANICAL PROPERTIES. 


Condition. Ultimate Strength. Elongation, 
Cast on 24 tons per sq. in. os 37% 
Forged 29-3 ae 63% 
Rolled 31-6 ee 45% 
Sheet oe 30-4 ” oe 39% 


Wire 33°3 ” ” ee 47% 
Castings in this alloy are readily produced by those 
familiar with the casting of non-ferrous metals and alloys. 
It casts well, producing clean, sharp castings which machine 
easily. As with many other non-ferrous alloys, over- 
heating should be guarded against, as this is liable to drive 
off the more volatile metallic contents and so interfere 
with the correct composition of the alloy. Immediately 
the metal has reached the pouring temperature, 1,160° C., 
it should be stirred, skimmed, and cast without undue delay. 
This alloy has a high shrinkage, and ample provision should 
be made for feeding castings by means of suitable risers. 
It has a short freezing range, and particular attention must 
be given to the casting temperature. The alloy is especially 
suitable for die-casting, and excellent results are obtained 
from dies designed to suit its characteristics. 

No special difficulties are experienced in forging Tungum 
alloy. In this respect it resembles a number of bronzes, 
but the temperature at which the alloy is successfully 
worked lies between somewhat close limits. It is best 
worked within the range of 700° to 750°C. The critical 
temperature is 840° C. The working temperature range for 
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forgings is applicable also when the alloy is to be extruded 
into various shapes, for which process it is particularly 
suited, 

Tungum tubes show no tendency to season crack when 
immersed in mercuric nitrate. These tubes are of 
exceptional strength and have been applied to work in 
the construction of aircraft with very satisfactory results. 
Solid-drawn tubes of 1} in. diameter and 0-004 in. wall 
thickness, have been made, and 308.W.G. tube up to 
2 in. diameter is in common use. For high-pressure work 
Tungum tube is especially useful; a }-in. diameter tube of 
18 S.W.G. will carry a pressure of 7,500 lb. per sq. in. 
without showing the slightest distortion. Tubes of this 
alloy are also used for immersion heaters, where corrosion 
is found to be troublesome, and where efficiency of heat 
exchange is required. The alloy may be drawn down to 
wire of the smallest gauge, and may be woven into gauze 
as fine as 250 mesh. Results from practice have already 
shown that gauze made from this alloy is five or six times 
more durable than phosphor bronze gauze of the same 
mesh. 


Produced from blank in two pressing operations with one 
annealing, 3}” 1?” x 245.W.G. 


The alloy is particularly suitable for shallow and deep 
pressings and spinnings in all forms. Its ductility, com- 
bined with toughness, enables the most exacting work to 
be carried out with a minimum of processing. An example 
of deep-drawn work, of which this alloy is capable, is 
shown in the accompanying illustration; the sample is 
3}in. long and l?in. diameter x 248.W.G., and was 
made from a blank in two pressing operations with one 
annealing. This pressing is entirely free from draw marks 
or defects. The annealing temperature range is between 
600° and 700° C, 

Heat-treatment of this alloy improves its properties, and 
its strength at elevated temperatures is such that it is 
giving excellent results when used as valve seatings in 
internal combustion engines, for which purpose it demon- 
strates its resistance to distortion, erosion, and corrosion 
under severe conditions of service. As a result of heat- 
treatment, this alloy can be produced in varying degrees 
of temper, ranging from dead soft to dead hard, suitable 
for spring work. This alloy can be chromium-plated, 
without intermediate nickeling or other preparatory coating, 
for which purpose it is admirably suited as a base ; it is 
equally suitable as a base for silver or platinum plating. 
Chromium adheres so strongly that repeated bending will 
not cause it to flake, and even heating to red heat will not 
remove the chromium. The deposit follows all irregularities 
of the article to be plated, and produces a surface of the 
highest quality. This should be of considerable interest 
to the motor-car trade. 

In addition to high mechanical properties and anti- 
corrosion qualities, Tungum is a highly decorative alloy ; 
its colour is practically similar to that of 22-carat gold, and 
it has been manufactured into cigarette cases and boxes, 
toilet articles, vases, rose bowls, offertory plates, medals, 
coinage, and a wide range of ornamental work for which 
its colour and excellent finish render it eminently suited. 

The alloy is available in various manufactured forms, 
such as wire, sheet, strip, tube, bar, sections, ete. In these 
forms it can be readily brazed, welded, soldered, spun, and 
machined, and in view of its special properties it has a very 
wide range of engineering applications as well as domestic 
and artistic uses, 
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Corrosion Resistance of Bronze. 
Data on the corrosion resistance of some copper-tin alloys 
are given by W. Claus in the January 23 and 30 issues of 
Die Metallbérse. The composition was 83 to 93°, copper, 
tin being the remainder in the straight alloys. Besides Cu 
and Sn, one alloy contained 4-4°% zinc, another 5-9% lead, 
The test-samples (9 mm. by 10 mm. by 37 mm.) cut from 
chill-east bars, were placed in a shaking apparatus and 
exposed to the action of the following solutions :—3%, 
ammonia, 5°%, hydrochloric acid, 3%, caustic potash, 
2 and 4°, sulphate of sodium, and sea-water. The samples 
were tested in the as-cast and annealed state. With the 
exception of the ammonia test free access of air was 
admitted to the solutions. The results show that the four 
alloys were non-resistant to the action of the two first- 
mentioned solutions. In the ammonia solution the loss in 
weight in grammes per square metre per day was 200 to 235 
with the straight alloys, and 190 with the complex alloys, 
both in the as-cast and annealed state. In the hydrochloric 
acid the loss was somewhat lower. In the caustic potash 
solution a protective film was formed on the surface of the 
samples which stopped the attack after about 100 hours. 
In the sodium-sulphate solution and sea-water the samples 
were tested for several weeks and proved wholly resistant. 
The author points out that the length of testing-time must 
be chosen with respect to the vehemence of the attack ; 
otherwise, with too long a testing time a very corrosive 
solution would enlarge the surface of the sample to such an 
extent that the loss in weight would be too high. 


Wear of Converter Lining and Change in 
Operating Conditions. 
Data on the change in dimensions of a basic Bessemer 
converter in practical service is given by .J. Postinett.* 
In his investigations, the distance of the lining from the 
central axis was measured every 100 mm. in height, on a 
new lining. and when worn after blowing 254 heats, each 
averaging 30 tons of iron. The wear of the back lining 
was found to be greatest, that of the front lining was 
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smallest. The wear is caused chiefly by the eroding action 
of the agitated iron bath. At the sides of the lining an 
additional chemical attack is made by the slag when the 
converter is turned to the horizontal position after blowing 
In this position the back lining is further attacked by th 
blast burning-out the bonding tar particles. This burning 
action of the blast also accounts for the much shorter lif 
of the needle bottoms compared with that of the lining 
Bottoms made of nozzle bricks of the same tar-dolomit: 
mixture showed longer life and a more uniform wear. O1 
the assumption that the lining wears away uniforml: 
during the whole run of the converter, for each botton 
and with increasing number of heats, the changes i) 
circulation section—that is, the cross-section of the bat 

lying outside of the outer circle of blowing holes,—circula 
tion weight—that is, the weight of the iron in the circulatio 

section,—depth of bath, and free volume of converter ar: 
shown in two diagrams. The average values give th: 
curves shown in the accompanying figure. In proportio | 
as the free volume of the converter and the circulatio | 
section increase during the run, the depth of bath an| 
blowing time decrease, and the life of bottom increase . 
In order to start with a low depth of bath and a favourab’ ° 
circulation section, a spherical shape of the lower part «f 
the converter is recommended by the author. 


r Stahl und Eisen, 1932, pp. 405-408, 
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Recent Developments in Tools 
and Equipment 


A Modern Planer with Single Motor 
Electric Feed. 


ESIGNED to meet the need for rigidity and speed 
under modern conditions of service, the “ Butler ” 
spiral electric planer has been developed to combine 

accuracy and finish with a definite increase in production. 
This machine is built in a range of sizes. with capacities 
up to 8 ft. square, each size embodying the same features, 
of which the new rectangular shape of standard is of con- 
siderable interest, for in addition to being more symmetrical 
than the round type, it is, with a cross-rail at both back 
and front, of much more rigid construction. 

The “ Patented Forced Field’ reversing motor drive 
(Registered No. 338,557) recommended for use with these 
machines, is claimed to be the most advanced drive of its 
type at present manufactured, and is the only drive which 
can claim a definite increase in production compared with 
other designs. 

Slow-speed motors and the patented method of control 
result in a pronounced improvement in acceleration and 
deceleration, where most time is lost in any reversing 
drive. The speed of the reversing motor is controlled 
from the panel, and the control offers a very large range of 
speeds. Cutting speeds are variable between 20 ft. and 
140 ft. per min., with normal power at low speeds and 
return speeds from 75 ft. to 150ft. per min., without 
necessitating the use of a high horse-power motor. Both 
these speed ranges are controlled from continuous reading 
scales in the panel without change-over switches or gearing. 
The actual reverse is carried out by an improved design of 
reversing switch of Butler manufacture, which is enclosed 
in the bed and operated by a connecting rod from a tappet- 
plate. 


The transmission to the table is by the Butler Spiral 
Drive. This driveis extremely simple in design, and has no 
wrojections below floor level. The primary reduction, which 
s contained in an oil-tight box and flood-lubricated by 
uump, consists of a nickel-chrome steel worm solid with the 
lriving-shaft engaging with a phosphor-bronze worm- 
vheel. This worm-wheel is connected to a diagonal shaft 
vhich carries the main table worm in the bed; both 
vorms are fitted with heavy double-thrust ball bearings. 
‘his method of driving has been found by experience to 
roduce a drive smoother and more economical than any 
ther type. 

The system of lubrication has been very well developed, 
he spiral reduction gearbox, as previously mentioned, 
eing flood-lubricated from a pump which is fitted in a 
urge oil sump in the bed. This pump also supplies oil to 
he V-slides on the bed, the whole supply being continuously 
iltered. The main worm in the bed is lubricated by grease 
rom a hand-operated pump. All other bearings on the 


machine are lubricated by the “ one-shot’ system, one 
“ one-shot ’’ pump being used for the cross-slide, and one 
for the feed-motion and overhead elevating mechanism, 
thus relieving the operator of all responsibility of oiling. 

The feed unit, which is entirely self-contained, is secured 
to the front standard within easy reach of the operator. 

The power is obtained from a motor of the reversing 
type, which drives through a two-speed gearbox to the 
vertical feed-shaft. On top of the gearbox is mounted 
the electric control desk, which incorporates all the 
necessary feed and power traverse controls. 

The feed range comprises 14 feeds, and any feed may be 
selected, stopped, and started while the machine is in 


Butler” 14 ft. x 5 ft. x 5 ft. Spiral electric 
planer with single motor feed. 


motion, a radius lever on the desk giving, in conjunction 
with the two-speed gearbox, a selection of feeds ranging 
from + in. up to 1}in. The direction and application of 
the feed is obtained from the gate-control lever in the 
centre, which also, in the opposite slot, gives an instan- 
taneous application of power traverse without reference to 
any other controls or switches. Other controls on this 
desk are a repeat-feed button, which will give, on being 
pressed and released, a repetition of the selected feed, this 
control being operative only on the cut stroke and being 
of great assistance for setting purposes. A switch is also 
fitted for the solenoid tool lifters on the cross-slide tool- 
boxes, as well as a remote control for stopping the motor 
generator set. 

The feed is taken to a vertical shaft and the required 
tool-box is engaged with a mechanical clutch. If side 
tool-boxes are fitted, the front side tool-box takes its feed 
from this shaft, while the feed to the rear tool-box goes 
through the cross-slide. Both side tool-boxes are fitted 
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with a separate mechanical feed engage and_ reverse. 

The movement of the table is controlled from a five- 
button portable pendant switch, three of the buttons being 
for the table, giving stop, start, and inch movements. The 
stop-button, which is very sensitive, utilises full field 
braking on both cut and return strokes ; the inch-button, 
which is of great value for positioning, will give movements 
as small as yy in. on either cut or return strokes. 

The other two buttons control the forward and reverse 
power traverse movement of the feed motor, and to prevent 


Feed unit comprising feed motor, controlldesk, gearbox, ete. 


accidents they are operative only when the table is stopped 
and when the gate controller on the desk is in the neutral 
position. Elevation of the cross-slide is also obtained from 
the feed motor after first engaging the clutch at the top of 
the feed-shaft, the movement being controlled either from 
the power traverse slot on the desk or from the pendant 
switch. 

The cross-slide tool-boxes are fitted with separate 
solenoid-type tool relief, eliminating all cross-shafts and 
chains. This will operate with the down slide at almost 
any angle, and with the clapper-box swivelled up to 15°. 
If a greater angle is desired the connecting link can be 
easily removed. The solenoids can be operated independ- 
ently of one another by means of plugs on the cross-slide 
or cut out altogether from the switch on the feed desk. 

A number of safety devices are fitted to obviate any 
accidents and to allow this high production machine to be 
used to its maximum capacity without anxiety. 


A New Form of Thermocouple. 
IN view of the present prohibitive cost of platinum and 
platinum-rhodium wires there is, in heat-treatment opera- 
tions, a very extensive field of usefulness for base-metal 


thermocouples, which are very reliable when used with 
high-class indicators and recorders. A recent production 
of this type is the Firometer, produced by R. F. Hamilton 
and Co., Ltd., 25, Spring Road, Edgbaston, Birmingham. 
It is a thermocouple in which one of the elements is the 
protective sheath. This tube or sheath is of rolled nickel- 
chromium alloy, produced by the most modern process to 
ensure an alloy of the highest degree of purity. The other 
element in the couple consists of a wire ot suitable thickness 
and is welded inside the tube; it is thus afforded provection 
by the highly resistant nickel-chromium tube. The wire is 
insulated for the whole of its length, in order to prevent any 
possibility of short-circuit. A sectional drawing of this 
thermocouple is shown in the accompanying illustration. 

Variation in electromotive force, which is particularly 
characteristic of base-metal couples, is adjusted by a special 
system of adjustment resistance in the head so that all 
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couples can be made to register alike. The high strength 
of the tube alloy, particularly at high temperatures, has 
enabled its diameter to be reduced considerably from that 
of the usual thermo couple pyrometer, and since this tube 
forms one of the elements it responds very quickly, while 
the mass of metal is so small that its lag is inappreciable. 
Two types are made, the outside element or tube being 
the same in each case ; for high temperatures the electro- 
motive force is about 42 millivolts at 1,250° C., while for 
temperatures not exceeding 1,000°C. a different second 


Section of pyrometer recently 
developed by R. F. Hamilton 
and Co., Ltd. 


element can be used, giving about 62 millivolts at that 
temperature. They are made in two sizes, the tube of 
the largest will pass through a 3-in. hole and may be up 
to 6 ft. in length, a smaller one, no thicker than an ordinary 
pencil, is also made up to a length of 4 ft., the latter being 
particularly suitable for small hardening and normalising 
furnaces, as it can be used as a touch pyrometer for getting 
the actual temperature of the work. 


New Silicon-Bronze Alloy. 

A NEW silicon-bronze alloy containing tin has been 
announced by Revere Copper and Brass, Inc., of New York. 
The alloy is stated to possess a strength comparable to 
that of low and medium carbon steel, and to have corrosion- 
resistant qualities corresponding to those of pure copper. 
As a result of laboratory and practical tests it has been 
found that the tin content, which is a distinctive feature of 
this alloy, increases the tensile strength and ductility, and 
also exerts a pronounced influence on the resistance of the 
alloy to corrosive action. 

The alloy is patented and is known as Herculoy. It is 
non-magnetic, and, by means of an annealing treatment, a 
range of mechanical properties can be obtained between 
the limits set for tensile strength and elongation. In the 
fully annealed condition the alloy has a tensile strength 
of approximately 27 tons per sq. in., and an elongation of 
80% in 2in. It reaches a maximum tensile strength of 
53 tons per sq. in. in the cold-rolled condition, in which 
its elongation is corresponding reduced. Hot-rolling and 
annealing of cold-rolled material gives intermediate values. 
The alloy is readily adaptable for fabricating operations and 
offers no special difficulties in welding, for which a welding 
rod of the same composition is recommended. It is avail- 
able in various commercial forms such as sheets and 
plates; rolls and strips; rods, bars, and shafting 
stampings or forgings; rivets; welding rods; and in 
ingot form for castings. 
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Some Recent Inventions. 


Gas-fired Reheating Furnaces. 


Ir is necessary when treating steel sheet in mill furnaces 
to protect the steel from oxidation, and in gas furnaces a 
smoky or “ greasy ” flame is generally used in the furnace 
chamber for this purpose. With many furnaces used for 
this work the smoke and gaseous products ot combustion 
are allowed to pass to the atmosphere direct, which not 
only constitutes a nuisance, but reduces efficiency. An 
improved furnace, which provides the desirable smoky 
atmosphere within the chamber, has been designed in 
such a way that the unconsumed fuel components are 
further treated so that the exhaust to atmosphere is free 
from smoke and solid particles. This modification in design 
is also claimed to increase the efficiency of the furnace. 
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auxiliary chambers located under the furnace hearth. Each 
of these auxiliary chambers is provided with shelves, so 
arranged as to leave a space for the passage of air or gas. 
The arrangement of these chambers is such that alternate 
chambers are utilised for the mixing and combustion of 
primary gas and air, whilst the adjacent chambers are used 
for the combustion of the smoky exhaust from the furnace 
by means of a secondary air supply. The parts connecting 
the resciperator passages with the combustion passages, 
and the parts connecting the combustion passages and the 
heating chamber, are disposed at opposite ends of the 
combustion passages in adjacent chambers. There is no 
communication between each series of resciperator passages 
in adjacent chambers, which are formed in and separated 
by brickwork, as shown in Fig. 3, so that heat from one 
series of passages may be transferred to an adjoining series 
of passages ; in this way the products of combustion are 
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Fig. 1.—-Side elevation of furnace. 


In this design in the furnace the primary air and gas 
mixture is fired beneath the hearth, and the products of 
combustion passing to the heating chamber are provided, 
during their passage, with a further supply to provide the 
necessary smoky atmosphere within the heating chamber. 
After leaving the heating chamber, the partially consumed 
products of combustion are provided with a supply of 
secondary air, in order to complete the combustion of the 
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Fig. 3.—Longitudinal section. 


moky mixture, the hot gases being used to preheat the 
wimary or secondary air supply before being exhausted. 
‘n this way complete combustion is effected in three stages. 

One form of furnace constructed in accordance with this 
lesign is illustrated in Fig.1, while transverse and longitu- 
linal sections are shown in Figs. 2 and 3 respectively. As 
vill be noted, the mixture and combustion of the primary 
tir and gas, and also the secondary air and exhaust from 
he heating chamber, is effected by means of a number of 


Fig. 2.—Section showing auxiliary chambers, 


used to preheat the primary or secondary air supply. 
361,551. CHARLES F. Priest, of Priest Furnaces, Ltd., 
Albert Road, Middlesbrough, patentee. 


Reducing Grain Structure of Austenitic 
Chromium-Iron Alloys. 


In order to enable corrosion-resistant austenitic chromium- 
iron alloys to retain their physical properties at elevated 
temperatures, an alloy having a low carbon content is 
given a small grain structure by hot or cold working and 
is then cooled from a temperature such that the alloy 
will be ductile and the grain structure small. The tem- 
perature may be above, but near the re-crystallisation 
temperature. In hot working, the finishing temperature 
of any operation which involves substantial deformation 
should be above the temperature at which ductility is 
substantially reduced, whilst low enough to obtain the 
desired small grain structure. For plain chromium-nickel- 
iron-carbon alloys the working temperature should be 
down to about 980°C., or somewhat lower if the alloy 
contains additions such as silicon or molybdenum, and 
should not be higher than about 1,010° C. In cold working 
the alloy may be softened by reheating, the temperature 
and duration of heating being arranged so as not to induce 
a growth of the grain structure. Cooling may be effected 
quickly or slowly. The class of alloy to which this improve- 
ment particularly refers contains 10-22%, of chromium, 
7-15% of nickel, a low carbon content of not more than 
0-07-0-15%, and sometimes small quantities of additional 
elements, such as molybdenum, silicon, vanadium, tungsten, 
and titanium. In some cases the carbon content may be 
up to 0-2°%—e.g., when the alloy contains silicon, in order 
to preserve the austenitic properties of the material. Alloys 
produced according to the invention are stated to preserve 
their physical and corrosion-resisting properties throughout 
a temperature range of about 480° C. to about 730° C. 
368,154. Bascock AND WiLcox TuBE Co., Beaver Falls, 
Pennsylvania, U.S.A. 
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Some Contracts. 


Lithgows, Ltd., Port Glasgow, have received an order 
from J. and C. Harrison, Ltd., for a cargo steamship of 9,000 
tons dw. She will be similar in design to the series of Harrison 
boats, which Lithgows, Ltd., are building for these owners, 
Since August last Lithgows have received six orders from the 
company. The new ship, like her predecessors, will be engined 
by David Rowan and Co., Ltd., Glasgow. 


John Spencer and Sons (1928), Ltd., of Newburn, Northum- 
berland, have recerved orders for 230 carnage and wagon 
axles for the Union of South Africa Railways ; 200 carriage 
and wagon axles for shipment to the Argentine; 60 carriage 
and wagon axles for shipment to India ; and also 10,000 helical 
springs for the Bombay, Baroda and Central India Railway. 


Messrs. Scotts’ Shipbuilding and Engineering Co., Ltd., 
Greenock, have received an order for a passenger and cargo 
steamship for the China Navigation Co., Ltd., London, for 
service on the China coast. 

Messrs. John I. Thornyeroft and Co., Ltd., Basingstoke, 
Hants, have received a number of repeat orders for various 
types of their motor-vehicles, including :—Carter, Paterson 
and Co., Ltd., ten 2-ton chassis; Lourenco Marques Govern- 
ment Railways, 6-ton six-wheelers ; Yacimientos Petrohferous 
Fiscales, Buenos Aires, 2-ton six-wheelers; and the British 
Cotton and Wool Dyers’ Association, Ltd. 


The Vulean Foundry, Ltd., of Newton-le-Willows, Lan- 
cashire, have been awarded a contract for three heavy-type, 
metre-gauge. class YC, 4-6-2 engines, each with eight-wheeled 
tenders, for service on the Burma Railways, 


Birmingham Electric Furnaces, Ltd., of Erdington, 
Birmingham, have received a further order for electric 
furnaces for export to Russia. These furnaces are for pro- 
duction work in a large tractor factory, and include continuous 
furnaces of the chain-conveyer, belt-conveyer, and driven- 
roller hearth type, several of which are required to work in 
conjunction with specially-designed conveyer type quench 
tanks. They will principally be used for carburising, harden- 
ing and tempering steel parts. The value of the contract is 
estimated at over £30,000, 

Messrs. Dorman Long and Co., Ltd., Middlesborough, have 
been awarded a contract by the Chinese Government 
Purchasing Commission for the construction of the two 
approach bridges for the Nanking-Pukow train ferry. The 
Steelwork will be made at the company’s works at Middles- 
brough, and the operating machinery will be manufactured 
by Thomas Broadbent and Sons, Ltd., Huddersfield. 


Ruston-Bueyrus, Ltd., Lincoln, have contracted to supply 
13 excavators for Russia. The Diesel engines will be supplied 
by Ruston and Hornsby, Ltd. 


The Electric Furnace Company, Ltd., 17, Victoria-street, 
S.W. 1, have recently received export orders which include 
one 20-ton and two 3-ton Heroult furnaces for the manufacture 
of special steel and steel castings respectively ; a 4-ton Ajax 
Northrup high-frequency furnace for Sweden; resistance 
furnaces for hardening and tempering agricultural tractor 
parts ; and a 300 kw. furnace for annealing transformer sheets. 


Electroflo Meters Company, Ltd., has secured an order 
for 12 sets of control instruments, with instrument panels, 
for the 12 boilers being installed at the Dunston “‘ B ” generat- 
ing station of the Neweastle-upon-Tyne Electric Supply 
Company, Ltd. The contract includes electrically-operated 
steam and water meters, CO, recorders, boiler ratio meters, 
draught and pressure gauges, etc. 

Priestman Brothers, Limited, of Hull, have secured an 
order from the Swedish Government for a powerful grab 
it is understood that it will be the largest ever made in Hull 
to be used in work in connection with installation of new hydro- 
electric power plant. The value of the contract is about £4,000, 


Whitecross Co., Ltd., Warrington, have been awarded a 
contract for galvanised wire line at a total cost of £664 10s, 
by the Egyptian State Railways administration. 
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Metropolitan-Cammell Carriage, Wagon and Finance Co., 
Ltd., of Saltley, has secured an order for a special type of 
Crocodile wagon, 5 ft. 6in. gauge, with a length of well of 
32 ft., from the Crown Agents for the Colonies. The wagon 
is required for the transfer of locomotives and rolling stock 
between the 2ft. Gin. and 5ft. 6in. sections of the Ceylon 


Government Railways. 


Messrs. Dorman Long and Co., Ltd., Middlesborough, have 
been given a provisional contract by the Danish Government 
for the construction of a bridge two miles long connecting 
the islands of Seeland and Falster. The cost is expected to 
exceed £2,000,000. 

The Stanton Ironworks Co., Ltd., near Nottingham, have 
received an order for cast-iron pipes to the value of £30,000, 
from the Swindon Corporation. 


Catalogues and Other Publications. 


A PRACTICAL treatise dealing with the composition, properties, 
manufacture and application of bronze castings for engineering 
purposes has been issued by the research department of 
David Brown and Sons (Hudd.), Ltd., Huddersfield. It deals 
primarily with Taurus bronze on which an illustrated com- 
mentary is given on its control, manufacture, testing, and 
application. The fact is emphasised that bronze castings of 
uniform composition and consistently high physical properties 
cannot be made without the assistance of a well-equipped 
and adequately staffed metallurgical laboratory. This treatise 
of 51 pages is delightfully produced, and the text matter has 
been prepared in a way suited to the needs of the engineer 
rather than the metallurgist. It embraces the more important 
considerations which enter into the selection of bronzes, both 
as regards materials and analysis, and discusses methods of 
casting and the necessary physical properties to meet 
particular conditions of service. The engineer will find this 
an extremely useful work as well as of high artistic merit and, 
as only a nominal charge of one shilling is made, there should 
be a considerable demand for copies. Application should be 
made direct to David Brown and Sons, Ltd., Huddesrfield. 


A very complete booklet has been received giving full 
particulars regarding oxygen cutting machines designed to 
meet production requirements of general, constructional and 
electrical engineers, shipbuilders, locomotive and railway 
rolling-stock and equipment manufacturers. Accompanying 
this booklet was a rather useful pocket-book giving instructions 
and hints on the operation of oxy-acetylene welding outfits. 
Copies of these may be obtained on application to The British 
Oxygen Co., Ltd., Angel Road, Edmonton, London, N. 18. 


The importance of installing clutches of proved reliability 
cannot be overemphasised. Engineers appreciate that costly 
breakdowns and constant stoppage of machinery are almost 
certain to occur from the use of inferior clutches. The vital 
considerations are undoubtedly reliability and long service, 
and those interested in clutches should obtain a copy of a 
booklet dealing with the various clutches produced by 
Thomas Broadbent and Sons, Ltd., Huddersfield. 

An interesting and informative brochure has been issued 
by the English Steel Corporation, Ltd., dealing with two 
stainless steels in the *‘ Immaculate” group of stainless and 
heut-resisting steels made by this Company. These refer to 
** Immaculate”? 3 and 4, which contain from 6 to 14% nickel, 
and 15 to 22°, chromium. These steels are austenitic, and 
cannot be hardened by heat-treatment, in fact, water-quench- 
ing frcm a high temperature puts the steels in practically their 
softest condition when they are non-magnetic and in the best 
condition for working. They successfully resist a large number 
of chemical reagents which attack the ordinary or pearlitic 
stainless steels. Copies may be obtained from Vickers Works, 
Sheffield. 


Those who are interested in condenser tubes for use under 
difficult conditions of service, should obtain a copy of a booklet 
issued by I.C.1. Metals, Ltd., Kynock Works, Witton, 
Birmingham, which gives useful information on ‘‘ Alumbro ” 


condenser tubes. Alumbro is a copper-zinc-aluminium alloy 
which has been developed as a result of research work conducted 
originally by the British Non-Ferrous Metals Research 
Association. Experience has shown that this alloy is of 
outstanding merit for condensor tubes. 
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Business Notes and News 


Imperial Co-operation in Standardisation 
Work. 


At the recent annual general meeting of the British Standards 
Institution, the director, Mr. C. le Maistre, referred briefly 
to his seven months’ tour of the Dominions, from which he 
had only returned on June 6. He said that, as a result of his 
tour, co-operation between the British Standards Institution 
and the Standards Association of Australia would be even 
closer and more complete. All draft specifications would be 
exchanged before issue. In New Zealand, as a result of his 
conferences with the industrial community and Governmené 
officials, before he left a central organisation had been set 
up and would co-operate closely with the British Standards 
Institution. In Canada it was anticipated that a National 
Standards Body would grow out of the Canadian Engineering 
Standards Association, and would similarly co-operate. 
He had found the Prime Minister, Mr. Bennett, very interested 
in the endeavour to co-ordinate national purchasing specifica- 
tions prepared in the various parts of the British Empire. 
Mr. le Maistre added that he felt it was necessary to make 
such a visit as he had made in order to realise how widespread 
and how deep-rooted was the love of the Mother Country, 
and in return he urged British manufacturers to study even 
more closely than formerly the requirements of the Dominions, 


Electric Furnaces for Export. 


The Electric Furnace Co., Ltd., and its subsidiary, the 
Electric Resistance Furnace Co., Ltd., recently received export 
orders which include furnaces of a variety of types. At 
present one 20-ton and two 3-ton Heroult furnaces are being 
constructed for the manufacture of special steel and steel 
castings, respectively, the former being supplied with a 
transformer of 6,000 kv.a. capacity. A 4-ton Ajax Northrup 
high-frequency furnace has just been erected in Sweden, 
while a six-ton furnace of the same type is being constructed. 
These are the two largest furnaces of their kind ever built. 


An important order for resistance furnaces for hardening 
and tempering agricultural tractor parts has also been received. 
This order comprises some of the largest continuous furnaces 
ever built in this country, all of them embodying special 
features which reduce manual labour to a minimum, and 
ensure that the product is independent of variations due to 
the human factor. Installations recently started up include 
a 300kw. furnace for annealing transformer sheets in the 
works of a Belgian rolling mill. The furnace treats charges 
of 10 tons in a non-oxidising atmosphere, and the results 
obtained show a substantial reduction in the electrical losses, 
while the running costs are low, 


The Diesel-Engined Car. 


A new small Diesel engine has been designed for motor cars, 
which, Mr. C. L. Cummins claims, is not only economical, but 
has the advantage over the petrol engine that it develops its 
power at low speeds and is, therefore, so flexible that much 
higher gearing can be used with it than with the ordinary 
petrol engine. When the Diesel engine is turning over at 
1,800 revolutions, it develops power about equal to that of a 
similar sized petrol engine revolving at 3,000. 


The new engine is a development of the engine with which 
Mr. Cummins set up a speed record of 100-75 miles per hour 
for Diesel engined vehicles. It is a six-cylinder unit small 
enough to fit into the chassis of the average British car. It 
weighs 650 lb., which is comparable with the weight of a good 
petrol engine. The cylinders have a bore of 3} in. and a stroke 
of 5in., so that it world not be subject to an unusually high 
tax. At the low speed of 2,500 revolutions per minute, it is 
stated to develop 80h.p., and at this rate it is not stressed 
unduly. Fitted into a ear chassis speeds of 80 miles per hour 
are well within its range, and 60 miles to the gallon is a normal 
consumption. The fuel, of course, is a heavy oil, which costs 
about one-third that of petrol. 


This development will no doubt assist in concentrating 
further attention on the use of the Diesel engine to private 
cars. Its successful application would certainly have some 
influence in revolutionising the motor-car industry. 
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A Shipping Policy Suggested. 


A special committee of the Chamber of Shipping has recom- 
mended a scheme for laying-up or scrapping surplus tonnage, 
and if the Chamber accepts the scheme a definite policy will 
be presented. In making its recommendation, the Committee 
noted that any scheme, to be successful, must be based on 
international co-operation among shipowners and be supported 
by the positive engagements of the Governments to refrain, 
for a definite time, from all direct or indirect action tending 
to force on the freight market additional tonnage. The report 
of this committee aiso emphasises that the restoration and 
development of a prosperous world trade is the pressing need 
of the industry. 

The present position of the shipping industry, according 
to the report, is mainly attributable to the direct and indirect 
action of governments in bringing into existence ships for 
political and not for commercial reasons, and in persisting 
in the running of such ships at heavy loss. It is suggested that 
the present position of the industry should be placed before 
the Imperial Conference at Ottawa, and effective steps taken 
to restore free trading and to reduce flag discrimination. 
International standards with regard to safety and responsi- 
bilities of shipowners are advocated. 


Colloidal Fuel. 


The result of the experiment on the Cunard steamship 
Scythia is apparently satisfactory, and it seems that a new 
fuel has been evolved which should prove a national asset. 
This new fuel is the result of many years of experimental work. 
It consists of a mixture of pulverised coal and oil, the ratio 
used in the steamship test being 40% coal and 60% crude oil 
by weight, and the two are so prepared that a solution is 
formed which will remain stable for a considerable period, 
The tests carried out by Mr. A. W. Perrins, the combustion 
engineer of the Cunard Steamship Company, and Mr. A. M. 
Wood, of the Wallsend Slipway and Engineering Co., Ltd., 
who accompanied the ship, seem to confirm the claims made 
for this colloidal fuel. 

It is certainly satisfactory to note that the Goverpment 
have decided to investigate the possibilities of these fuel 
experiments. An announcement to this effect has been made 
by Mr. Isaac Foot, the Secretary of Mines, and since a con- 
siderable percentage of this fuel is pulverised coal, the full 
possibilities will be carefully explored with a view to its wider 
applica‘ion. Apparently the presence of the fine coal particles 
created no difficulties in pumping, and an examination of the 
tanks in the vessel showed no deposit. 


Coal Gas Cylinders. 


Vickers-Armstrongs, Ltd., are manufacturing at their 
Elswick works, Newcastle-on-Tyne, steel coal-gas containers 
which, it is claimed, might dispense with the use of petrol, 
and effect an economy on fuel cost of between 30 and 40% on 
lorries and other road vehicles. The receptacles take the 
form of high-tensile alloy steel bottles, suitable for the storage 
of gas at high pressures reaching up to 3,000 Ib. per sq. in. 
These containers are fixed under the lorry, and are connected 
straight through to the engine cylinders. 

These cylinders are the outcome of experiments, which have 
for their object the development of some means likely to 
overcome the difficulty in making greater use of compressed 
gas for motor transport. Limited capacity of the storage of 
coal gas restricts the radius of action. Suecess in the use of 
this type of fuel would create an entirely new demand, and 
would offer enormous possibilities for development. 


Welding Appointment. 


Experts claim that more rapid progress in the adoption of 
electric arc welding in ship construction is greatly dependent 
upon the correct design. In view of this Murex Welding 
Processes Limited announce that they have appointed Mr. 8. 
E. Evans, A.M.1I.N.A;: to act as Naval Architect and Expert 
on welding mat’ ers in relation to shipbuilding. Mr. Evans was 
at the Wallsend shipyard of Messrs. Swan, Hunter and Wigham 
Richerdson Ltd., and his experience in the design of ship con- 
struction covers all kinds of mercantile ships, in addition to 
which he has had experience in the building of floating docks, 
caissons, etc. For some time he has been engaged in welding 
research with the object of improving welding technique in 
structural work. 
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ALUMINIUM. 


98/39% £95 
ANTIMONY. 
English ......... £35 0 Oto £42 
21 
16 
BRASS. 
Solid Drawn Tubes .......... Ib. 
Ib. 
*Extruded Brass Bars ........ ‘ 
COPPER. 
Standard Cagh £27 
Electrolytic 31 
59 
Solid Drawn Tubes ......... lb 


FERRO ALLOYS. 


{Tungsten Metal Powder ... 
tFerro Tungsten 
Ferro Chrome, 60-70%, Chr. 


Basis 60° Chr. 2-ton 
lots or up. 
2.4%, Carbon, scale 12/- 
per unit 
2 4-6% Carbon, scale 8/- 
5 \6-8% Carbon, scale 8/- 
(s. 10% Carbon, scale 8 


POr unit 

§ Ferro Chrome, Specially Re- 

fined, broken in small 

pieces for Crucible Steel- 

work. Quantities of 1 ton 

or over. Basis 60°, Ch. 

Guar. max. 2%, Carbon, 
scale 11/6 per unit . 


Guar. max. 1% Carbon, 
scale 14/ per unit.... 
§Guar. max. 0.7% Carbon, 
scale 15/- per unit.... 
tManganese Metal 96-98°, 


{Metallic Chromium 
§ Ferro-Vanadium 25-50% 


§ Spiegel, 18-20% ......... 
Ferro Silicon 
Basis 10%, scale 3 
DOF 
20/30% basis 25%, scale 


3/6 per unit 
45/50% basis 45%, scale 
5/- per unit 
70/80% basis 75%, scale 
7/- per unit 
90/95% basis 90%, scale 
10/- per unit 
§Silico Manganese 65/75% 
Mn., basis 65% Mn... 

§ Ferro-Carbon Titanium, 
15/18% Ti 


Ferro Phosphorus, 20-25% 

FUELS. 

Foundry Coke— 
S. Wales . £1 O 
Sheffield Export 0 18 

Furnace Coke— 
Sheffield ........ 012 
Durham ......... 013 


lb. 


ton 


ton 


Oto 


30 
12 


0 
21 


0 
10 
10 0 
0 0 
9d. 
lld. 
3d. 
5 0 
10 
10 6 
0 0 
0 0 
12 6 
12 6 
93d. 
9}d 
2 33 
2 0 
12 0 
10 0 
15 0 
10 0O 
10 
0 0 
0 0 
12 8 
17 6 
5 
17 
10 0 
17 6 
0 0 
5 0 
0 6 
10 
5 
18 6 
5 0 
32 6 
16 6 
13 6 
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GUN METAL. 
*Admiralty’ Gunmetal Ingots 


MARKET PRICES 


0 0 
10 0 
0 
oll 
1 0 
0 0 


a coo a 


leo 
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*Commercial Ingots .......... 33 
*Gunmeta! Bars, Tank brand, 

lin. dia. and upwards.. lb. 0 

LEAD. 
Soft Foreign £10 
12 
MANUFACTURED IRON. 
Scotland— 
Crown Bars, Best ......... £10 
N.E. Coast— 

10 

Common Bars 10 

Lancashire— 
£10 10 Oto 12 
Midlands— 

Crown Bars....£9 15 Oto 10 

12 

Unmarked Bars .......... 

Nut and Bolt 

Pere £8 7 6to 8 

10 

S. Yorks.— 
10 
Hoops..Hcops £10 10 0 to 12 
PHOSPHOR BRONZE. 
*Bars, “ Tank ” brand, 1 in. dia. and 
upwards—Solid ...........%. Ib. 
710% Phos. Cop. £30 above B.S. 
115% Phos. Cop. £35 above B.S. 
tPhos. Tin (5%) £30 above English Ingots. 
PIG IRON. 
Scotland— 
Hematite M/Nos. .......... £3 
N.E. Coast— 
Hematite No. 1 3 
Pountsy Mo. 3 
Cleveland— 
Poundey We. 2 
N.W. Coast— 
3 
Midlands— 
N. Staffs Forge No. 4...... 3 
- Foundry No. 3 . 3 
Northants— 
2 
Foundry No. 3 ..........+. 3 
Derbyshire Forge............. 3 
os Foundry No. 3 . 3 
West Coast Hematite ........ 3 


SWEDISH CHARCOAL IRON 


AND STEEL: 

Pig 94 Kronor. 
wh £12 13 6tof£l6 O O 
Wire Rods....... £14 12 O,, £17 12 6 
Rolled Bars (dead 

Rolled Charcoal 

Tron Bars...... £16 0 0 


All per English ton, f.o.b. Gothenburg. 
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SCRAP METAL. 


Copper Clean .........eseeee £23 0 0 
Braziery 19 0 0 

1 0 0 

6 0 0 

Aluminium Cuttings ......... 72 0 0 

7 0 0 

Heavy Steel— 

Cast Iron— 

Steel Turnings— 

Cast Iron Borings— 
1.2 6 

SPELTER. 

G.O.B. 

iat £9 10 0 

1215 

STEEL. 

Ship, Bridge, and Tank Plates— 

North-East Coast .......... 815 0 

Boiler Plates (Land), Scotland... 9 0 0 
pe as (Marine) ‘ 

(Land), N.E. Coast 10 0 0 
(Marine) ” 10 10 

a North-East Coast .... 8 7 6 

Heavy Rails 810 0 

Fishplates 12 0 0 

Light Rails ...... £8 10 Oto 815 0 

Sheftield—- 

Siemens Acid Billets........ 9 2 6 
Hard Basic .. £8 2 6and 812 6 
Medium Basic..£6 12 6and 7 2 6 
Bolt 6 0 0 
Hoops .......++- £910 Oto 915 

Manchester—- 

£9 0 Oto 10 0 
Scotland, Sheets 24B.G. ..... 10 0 
HIGH SPEED TOOL STEEL. 
Finished Bars 14% Tungsten. lb. 2/- 
Finished Bars 18% Tungsten. lb. 2/9 

Extras 
Round and Squares, fin.to}in. ,, 3d. 
Under }in. to in. ........ » 
Round and Squares 3in..... ,, 4d. 
Flats under 1 in. in. — 
o im. X gin. 
TIN. 

Standard Cash............+. £127 lo O 

English. 129 5 

Australian 130 10 

131 10 O 

Tin Plates I.C. 20 x 14 box 14/9—15/3 

Block Tin (Cash) .......... 120 12 6 

ZINC. 
Sheote £22 10 0 


* McKechnie Brothers, Ltd., quoted July 9. 
Subject to Market fluctuations. 


+ C. Clifford & Son, Ltd., quoted July 9. 
Buyers are advised to send inquiries for current prices. 
§ Prices quoted July 9, ex warehouse. 


t Murex Limited, quoted July 9 
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ton 36 : 
» 24 
” 38 a 
» 46 
lb. 0 
0 
0 
ton 6 
: 
- 
— 
Ib. 
Oto 1 
Oto 0 
Oto 1 
Oto 0 
0 
Oto 0 | 4 


